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INTRODUCTION

Location and extent

The present report covers the Moanalus dilstrict as referred
to in previocus reports of this series, which is the whole of the
Honolulu district northwest of the northwestern boundary of Kalihi
Valley, together with the Halawa Valley dralnage basin and adjacent
parts of the Pearl Harbor coastal plain. It, therefore, includes =
part of the Honolulu dlstrict and a part of the Ewa district of
Oshu, Similariy, there are Included parts of the Honolulu and Pearl
Harbor arteslsn areas, as commonly understood in Hawaiili. The Inter-
relationship between thege areas will be dlscussed in greater detall
elsewhere in this repoft‘ (Figure 1)

The 1sland of Oahu consists chilefly of two'volcanic domes,

the esstern or Xoolasu dome and the western or Walanse dome. Each of

these domes was originally somewhat elongated and by eroslion has
become more so. In thelr present ercded condition, each with =
somewhat sharp crest a number of milesg in length, they are commonly
referred to as the Koolau and Walanae Ranges, Each range 1s more
eroded on the side toward the ocean and less so on the side that faces
the saddle or plateaun which lles between them. The Fecoleu dome was
bullt later, after the Walanae dome was completed, so that the greater
part of this saddle 1s composed of the latef Kooleu lava flows flooded
against and wrapped around the already dissected eastern flanks of

the Walanae Range.
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The Koolau Range 1s longer than the Walanae Range, and 1its
southeastern end extends nearly 20 miles farther southeast. The
leeward slope of this psrt faces the ocean and carries at its foot
2 coastal plain, which east of Diamond Head is narrow and discontin-
uous, but which becomes wider in the part occupied by much of the
city of Honolulu and still wider in the psrt that swings westward to
include Pearl Harbor and flank the southern end of the Walanse
Range. (See Figure 2)

In addition to the leeward valleys of the southeastern third
of the Koolau Range, which draln slmost directly to the sea, the lee-
ward valleys of nearly another third of the range.are diverted
southward from the divide of the Schofleld Plateau to discharge into
the western arms of Pearl Harbor, snd unquestionably this concentra-
tion of discherge from an eroding ares has sided in the bvilding of
the wilde coastal plain of this Pearl Harbor sector.

By combining ihe Moanalua snd Helawa districts in thils report,
opportunity is afforded for a transition from the Honolulu to the
Pearl Harbor area, with a discussion of similarities and differences
at several points. This report therefore completes description of
the geology and ground-water resocurces of the Honolulu district and
commences that of the Pearl Harbor area of the Ewa district.

The Moanslus-Halawa district as covered herein Includes the
leeward slope of the Koolau Range, conslisting of the velleys of
FKsheuilki, Msnaiki, Moanalua, Scuth Halawa, North Halawa and Alesn,
together with the adjscent cosstsl plain and crater area from the

Kalihi Channel to Pearl Harbor, an ares three to five miles wide and

ED_006532_00005186-00015



GEOMORPHIC PROVINCES
ISLAND OF OAHU
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Figure 2 - Index map showing chief geomorphic provinces of the Island of Oshu.
Included in each province 1s an area in which a similar ceneral type of topography
is found and in which a comewhst uniform development of land forms has prevailed
during geologic time.
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about ten miles in length from the range crest to the coast.

(Plgure 3) Commencing at a point on the Kalihl Channel shore near
¥okumoa Island, the boundary of thils district passes inland along the
northwestern divide of Kalihl Valley past the head of Kahaulkl Valley
to the crest of the range at Puu Kahuauli, at 2700 feet, thence
northward and westward slong the crest, pzct the heads of Manalkil,
Moanslua, South Halawa and North Halgwa Valleys, to the eastern
corner of the head of Kalsuao Valley, thence generally soukhwestward
aléng the southeastern divide of Kalauao Valley, and along the north-
western margins of the ahupuaas of Halawa and Alea, to the shore of
Pearl Harbor at Alea Bay, thence along the eastern shore of Pearl
Harbor past Watertown and Ahua Point to the point of beginning.
{(Figures 1 and 5) The total area 1s as follows: MNoanalua portion
15.84 square miles, Halawa portion 15.54 square miles; both 31.38

square milss.

Inter-relation between Honolulu and Pesrl Harbor areas

The Honolulu artesisn area, as 1s now well known, 1s divided
into several so-called isoplestic areas, each of which 1s marked by
nearly 1denticsl arteslan heads in 211 the wells within its boundaries.
The several lsoplestic areas are separated in their hydraulic behavior
by relatively impervious barriers formed of sub-sealevel sedimentary
fi11l in the bottoms of the chief valleys. The centrasl Beretania or
Ro. 2 ares of Honolulu has the highest artesian heads, with progressive

lowering of heads in the areas eastward and westward.
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Figure 3 - Panoramic view southeast, east, northeast and north from rim of 3alt Lnke

Crater. ©On the horizon, starting at the right, are Dianiond Head, Tunchbowl. Roundtop,

Sugarloaf, and Tantaluz. The principal pit of tlie Koolnou cre;«t shgwn is the eastern

part of the head rim of loanalua Valley. At the left cormencing with near forezround, : |
are slope of 3nlt Crater, lower Moanalua Gorge, Moanalua-llanaiki flow slope facet,
and at distance the inner Red Hill spur and crest of the range. Negatives No. 21271~

2-3-4.
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The Pesarl Harbor artesisn area has been considered to be one

unit, ¥o. 6, (1) with its eastern bcundary flxed by the sedimentary

(1) Stearns, H. T., Geology and CGround-Water Resources of the Island
of Oshu, Hawail, Territory of Hawalil, Division of Hydrography,
Bulletin 1, pp. 257-267, 1935.

rill in Halawas Valley bottom., The levels of wells in the Psarl Harbor
area, however, show mch more systematlie varliation from place to

place than do wells in any one of the typical units of the Honolulu
'area. Furthermore, as will be brought out later, the position of

the boundary between aress 4 and € at Halawa Valley 1s not so clearly
indicated by known hydrologic or geclogic facts as some of the other
boundaries.

The writer's orliginal plan was to complete the ¥canalua report
and thus finish the aresl investigatlon of the geology and ground-
water resources of the Honolulu watershed., With the sugmented rate,
however, In increase of draft and recognition of need for additionsl
basal water supplies, attention has been directed toward the Pearl
Harbor area. At the same time, s program for the development of
basal water by the U. 8. Navy in the Red Hill spur became a factor
to be reckoned with. Plans were therefore eventually formulated by
this effice for the construction of the North Halawa Basal Shaft, with
a trensmission pipe line passing by tunnel through the Red Hill spur,
and with an underground emergency éonnection with the Navy water main
in Red Hill. Sti11 further, the Honolulu Plantation Company at Alea
late in 1941, commenced the digging of a vertical shaft to develop
basal water at a point about a half mile northeast of Alea Post Office.
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There has thus developed a direct interest in the Pearl Harbor
area by the Board of Water Supply, as well as an Increasingly complex
inter-relationship between shafts and wells and the natural basal
supply throughout the whole area from Kalihl Valley tc Alea. Under
such conditions, a report on the ¥oasnslua aresz slone would not only
appear academic but would either suffer by lack of sdequate considera-
tion of much factual data for the Halawas area or would 2o overlap the
Halawa area that it would seriously duplicate a ssparste report on
the Helawa area. The need for & combined treatment 1s obvious.
Accordingly, the bulk of the present report will present concluslons
for the combined area, though certaln descriptive sections iill deal

separately with the Moanalua snd Halawa parts.

- Purpose, scope and methods of atudy

Methods used in this study are those described in earlier
reports. Each valley, because of the arrangement and length of
existing trails and roads, poses 1its own pecullar problems. For
example, in Mocnalua Valley, with a good valley-botfcm trsil nesarly
to 1ts head and sbout two miles of automobile rcad, the head of the
valley at the crest of the range 1s more readily reached by thls route
than by elither of the ridge tralls, but the reverse 1s true of Halawa
Valley. Fortunately, there are excellent trails on the ridges north
and south of North Halawa Valley which were constructed by the C.C.C.
several years ago. Hanalkil Valley head 1s most accessible bﬁ climbing
the west wall of Kalihi Velley from the military fcad which traverses
Kalihi Vslley nearly to its head. After reaching the head of Manalki,
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the traverse of itas thalweg from 2500 feet to a highway at the rear
of Moanalua Gardens, proved to be one of the most time-consuming yet
undertaken, owing chiefly to the length and youthful topographic

development of the valley.

History and acknowledgements

An outline of previous studles of the Koolau Range has been
presented in an earlier report of this series &nd in a report prepared

by the writer and Horace Winchell (1),

(1) Wentworth, C. ¥., Palolo-Walalse Report, pp. 6-14, 1938,

Wentworth, C. ¥., and Winchell, Horace, The Koolau Basalt Series
(Manuscript in course of preparation) 1942,

When the writer commenced geologic study of the Honolulu
watershed in 1934, asttention was flrst given to Vuuanu Valley, and
following that a conslderable amount of fleld work was done in Kalihi
and Moenalua, chiefly at lower elevations, as well as in the Walalae
ares in connection with the planning and construction of the Kalihi
and Walalae Underground Pumping Statlions. Thils was followed by work
in Menoa Valley in connection with the ¥anoa Water Sult. In 1937,
the geologic work was concentrated on the Palolo-Walalae area and
followed by a systematic completing of reports on the Palolo-Waiszlae,
Manog~-Makiki, Kelihi, and Nuusnu-Pauoa Reports in that order.

The present report is based on fleld work done during late
1941 and 1942, as well as the earlier work of 1934 and 1935. In 1941,

the writer was assisted for short periods in the field by Wah Kau Kong

B
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and by Anton Postl, both trained primerily in chemistry and each In
turn finding more profitable employment In that fleld elsewhere. Since
November, Masami Iwamura has served very effectively as fleld asslst-
ant. Rijo Horl has continued hls generally satisfactory work as
laboratory asslstant and draftsman.

The outbreslr of the war on December 7, came practicslly at
the beginning of field work on the major part of the area dealt with
In this report. Naturally, with greatly increased milltsry activity
and the establishment of martial law in the Territory, certain
restrictions have been encountered in connection with the geologic
work, especlally since this area Includes or 1s adjacent to several
large military posts. Notwithstanding this condition, with incressed
need for requesting passes snd for ceution in approasching military
posltions, no real impediment has been put in the way of the geologic
survey, and officers and men of the military service have without
exceptlion been courteous and helpful in meking any necessary special

arrangements.

GREOGRAPHY

Geomorphic divisions

The Moanalua-Halawe district consists of 211 the leeward slope
of the Kooleu Range contained between Kellhi and Ealauoa Valleys
together with adjacent parts of the coastal plain from Kallhi Tntrance
to the entrance to Pearl Harbor. As shown in Figure 2, this district

includes parts of the Koolau Range geomorphic province, and the

i,
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Leeward Crater (Honolulu Section) and Ewa Plain provinces. The
relationship of these provinces to the geomorphic subdivision of the
whole 1sland of Oshu will be seen by reference to the tabulation below
and to Plgure 2. Geomorphic provinces are lend sreas in which masses
of rock formed by similsr geclogic processes have been meodified by a
unit combination of land sculpturing processes and have reached a

somewhat uniform degree of modification by these processes.

Geomorphic Divisions of Qahu

Mountains
1l Woalasnae Range
2 Kooclau Range

Platesus and Highlands

3 . Schofield Plateau
4 Windward Highlands

¥ixed Lowlands

5 Walgnae Valleys

6 Leeward Craters (Honolulu Section)
7 _ " " {(Koko Section)

8 Windward Craters (Mokapu Section)

9 " " (Manana Section)

Coastsl Plaina

10 Ewa Plain
11 Waialua Plain
12 Kahuku Plsin

In the Koolau Range province, a dome composed of thin baéaltic
lava flows has been maturely dissected by streams cutting radisl
valleys whose rock bottoms reach in some cases 1000 feet below present
sea level and whose head branches have destroyed 100 percent of the

original surface of the dome. In the lower slopes, however, of scme
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sectors, as much &8s 10 to 20 percent of the area of the original dome
in this belt has been approximstely preserved in the so-called flow-
slope facets, typlcally represented by Wilhelmina Rise, St. Louls
Heights, etc., back of the Honolulu coastal plain. (See Flgure 3)

The Leeward Craters province is an area marginal to the leeward
periphery of the dome above sea level in which the formation of a
fairly wide coastal plain and of the cap rock sediments which compose
it have been aided and conditioned by the prior bullding of secondary
tuff craters in peripheral or offshore positions and by the growth of
corel reefs at various sea levels ﬁarginal to these craters.. This
aresa extend; westward to include the various craters of the Salt Lake
group.

Weat of the Salt Lake craters, a still wider part of the coastdl
~Plain called the Ewa Plain province l1ies south of the Schofield
Platesu or saddle and extends westward to flank the southern end of
the Walanse Range. This areas, 1ncludingithe part under the shallow
waters of Pearl Harbor, 1s & fllled embayment between the two ranges,
and owes its origin to its leeward position and to the large amount of
land-derived detritus which has in past time been brought in by streams
These streams converge here from the heavily-watered central part of
the leeward slope of the Koolau dome. Coral reefs have veneered this
- area a8t verlous levels and played slso an Important part in the growth

of the plain.

o P
ED_006532_00005186-00024



Topography and drsinage

GENERAL
The mein outlines of the Xoolau dome have been described in

earlier reports (1). The Moanalua-Halawa district is situated on the

(1) ¥Yuusnu-Pauocs Report, 1941, pp. 6-7.

leeward slope at the jJunction between parts having direct drainsge

to the sea and those having only dralnage to Pearl Harbor., This
distinction is accentuated by the mess of the Salt Lake craters which
stands between the Kslihl entrance, Into which Kalihil and Moanalua
Streams drain, snd Pearl Harbor, which gathers the dralnege of seversal
of the longest streasms west of Moanalus. The line between the
Honolulu district and the Ewa district, each one of the six najor
political and legal'districts of Oahu, passes between ¥Moanalua and
Halawa Velleys and across the Sslt Lske crater area. Apparently, this
natural line of subdivision between direct dralnage and Pearl Harbor
drainage was practically recognized by the Hawalians at a very early

date, certainly several hundred years ago (2).

(2) Xing, R. D., Districts in the Hawallan Islands, (In Coulters
Gazetteer cf the Territory of Hawail) University of Hawall,
Research Publlicatlon No. 11, pp. 214-224, 1935,

In the mountainous section, from the ends of the intervelley
spurs to the present crest of the range, there 1s no marked topographic

break or contrast between the leeward slope in the Honolulu district

=10
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and that in the Fwa district to the west. However, as these studles
have proceeded, attention has been drawn recurrently to the fact that
a number of valleys In the Honolulu area have rock bottoms cut several
hundred feet below present sea level at the ends of the spur (Palolo,
Manoa, Nuusnu, Kalihl) and that none of the va;leys west of Red Hill
has a known rock bottom depth to more than possibly 100 to 200 feet
below sea level, nor width between walls which would accommodate such
depth., The mame is true of the valleys of the Henolulu district east
of Palolo. Thus the deep valleys, all wvariously refilled to broad
bottoms somewhat above present sea level, seem to be confined to the
sector from Diamond Head to Red Hill. This fact suggests the pos-~
8ibility that this section of the XKooclau Range may have had a longer
history then the remainder of the range, ralsing a question which will
be discussed elsewhere,

The Moanalua-Halawa district, while streddling the boundary
between the Honolulu and Ewa districts, heads at the crest of the
Koolau Range at & pcint nearly mldway of the whole length of the
Koolasupoko district. Except for the cccurrence of the striking
cirque-like hesd of Halku Valley at this point, no significant change
or demarcation of the Koolsupoko district 1s located here.

The crest of the range st the head of the district covered
in this report has several culminating summit peaks with elevations
between 2700 and 22850 feet. Its lowest saddle 1s at the head of
Moenelua Valley, &t slightly over 1700 feet. Except for this depres-
slon, none of the saddles of this part of the range 1is lower than
2250 feet, or more than 200 feet below adjacent parts of the range

crest. (Figure 4)

] ]
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o8 view from Moanalun-lnnaiki divide inland from 1520
At rizht is head nortion of Manaiki Valley with nenk of Tani

Tipure = - Panoranic
oot peak.

nuli showing bevond the Manaiki-Xalihi divide. At left is considerable
portion of thne hend of Moanalua Valley with ranzge crest and radial ridee
crests to the nortawest. The contrast in topogranhic development el een
Moanalun and Tfntiki Valleys is well shown. Hejntives o, 21297-38-89-00.

s
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THE FAHAUIKI-MANAIKI AREA

Moanalua Valley and the two Halawa Valleys form rather broad,
distinct subprovinces which adjoln each other along the llne of
narrow boundary ridges. Between Moanslua and Ksllhl Valleys 1s an
area, broad at the margin of the range and narrow at the crest, which
1s occupied by the narrow,through valley of Menalkl and by the shorter
velleys of Kahaulki asnd others cut in the triangular flow-slope facet
which liles inland from Fort Shafter. Thisz area, Including Manaikl
Valley i1s treated in the following parasgraphs. (Figure 5) The sea-
ward margin of thils province, where the ends of Koolau spurs pass
from view, 1s flanked by remnents of the Fort Shafter terrace, which
will be discussed in detail below. The seaward end of the Kshaulki-
Menaiki area ls about twp‘miles wide, the lower end of Manslkl Valley
itself having a width of only about 1/3 mile. Manaiki Valley has a
width ranging from 1500 to 3000 feet, with a length of five miles
from the crest of the range to the inner margin of the coastal plain
in Hoaﬁalua Gardens. It has only one or two tributaries other than
the numerous chutes which drain its steep side walls, and iIn this
respect 1ts nearest counterparts in the Honolulu area are such valleys
as Walalaenul or Kepakahl. A long sectlion of the middle course of
Manalkl Valley 1s characterized by & channel winding from side to side
of the valley, in a belt not over 500 feet wide. The outer banks are
cut against the rock wall, end Into each bend extends a sloping spur
coversed by talus and alluvium but underlain by bedrock. (Figure 6)
Though this pattern resembles entrenched meanders, 1t is not clesar
that such a course has been assumed on a graded valley bottom, a

problem which from the geomorphic standpoint merits further study snd

-10-
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Yoanalua-Halewe distrlct and the position of the Forest

Filgure 5 - Map showing component drainage areas of the
Reserve line.
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Figure 6 - View looking down Manaiki channel at s point where
Koolau rock, In place, extends contimiously across the channel
and up each bank. Negative No, 21292.
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discussion. Only about a mile of the lower valley has a significant
width of velley flat, in which the stream is less deeply cut. The
inland part of the valley is mgrked by a somewhat steeper channel with
less pronounced meanders, but the contrast between this part and the
middle section 1s less marked than In most of the larger valleys.

The side walls of Manalki are mostly marked by the alternating
chutes and ribs of similar slope, and only in a few places 18 there
any appreclable break where s larger tributary enters. The greatest
depth of about 800 feet occurs around two miles inland from Mosnalua
Gardens, and the prevalling depth through much of the length 1is
500 feet. The head of Manalkl borders on Kslihi Valley for about
1 mile Inland from the narrow head of Kahauiki Valley. Contrast in
the grades of Manalkl and Ealihi Valleys is shown by the faét that
the distance of the 1000-foot contour from the crest of the Koolau
Range 1n Kalihi Valley is 1000 feet and in Manalkl Valley, almost two
miles. The hesd profile of Manalkl 1s a very slight sag in the crest
of the range, but that of Kalihi 1s s broad, parabolic curve, cut down
to about 1400 feet, which has been described in an earlier report (1).

(1) Kalihi Report, p. 12, figure 9, 1941.

Kshauiki Valley, while not a through wvalley in the sense of
feaching the crest of the range, i1s nevertheless a true mountain
valley as distinguished from those cut only as shallow troughs on
the surface of flow-slope facets. This valley 1s graded to the level
of the Fort Shafter terrace and occupies a strip 1000 to 1500 feet

~13-
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wide slong the weatern edge of the trlangular flow-slope facet. It
reaches a maximum depth of about 600 feet, and its chennel shows =a
less meandered course than ¥anaikl, The divide between it and Manalkl
is everywhere a narrow-crested ridge. The head of the valley resaches
the elevation of 1650 feet against the Kglihil divide.

The apex of the EKshauikl flow-slope facet proper 1s & péak of
1330-foot elevation about two miles inland from the margin of the
?ort Shafter terrace. On this facet are four small valleys, one of
which passes down over the northwest wall of Kalihi Valley, and the
other three emerge onto the Fort Shafter terrace, where they all
eventually join Kahaulki, Maximum depths of these valleys only locally

reach 100 to 200 faet.

MOANALUA VALLEY

The mountain portion of Mosnalua 1s 0.8 to 1.5 miles wide and
a little over 5 miles long. On the scutheast side is a2 smsll flow-
slope facet culminating at an apex at 1270 feet. (Figure 3) On this
facet are several shallow valleys, one each dralning to the Moasnslua
and Menalkl sides, and some going down the seaward margin of the facet
which faces the lower Moanalua Gorge. Northwest of this facet, the
lower part of Yoanslua Valley for nearly two miles inland has a valley
flat several hundred to 1000 feet wlde and on the northern side is a
remnant of terrace bullt partly of gravel and partly of Salt Lake tuff
which 1s skin to the Fort Shafter terrace and to the corresponding
terraces in Halawa Valley. There 1s only a smell narrow flow-slope
facet on the Red FE1ll spur with an apex at about 800 feet and about
1% miles inland from the Red H11l saddle between the Red Hill spur

and the In-facing slope of Allamanu Crater. (Figure 7)

wldew
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Filgure 7 - View down lower Moanalua Valley from a point about 13

miles 1Inland from the Red H1ill saddle. Of two light aress near N
center, that to left 1s valley flat of present stream, that to left . 7 °/
is remnant of Fort Shafter terrace., Alismanu Crater 1is beyond o
(center), and Salt Lake beyond and to the left. Negative No. 21242,
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The inland section of Moanslus Valley for about two miles is
characterized by a meandering channel course, alternately awinging
across a belt 400 to 800 feet wide. (Figure 4) The lower ends of
the spurs, sach extending into a meander loop, have felrly low slopes,
but the surface is by no means a valley flat, At the inner end of
this s tretch 1s the junction of two chief branches, the northernmost
one of which heads at a 1700-foot saddle overlooking the southeast
margin of the head of Haiku Valley, and the southern one draining a
rugzed mountain ares which culminates in the 2800~foot ecrest overlookin;
Luluku Valley. Beside the two head tribﬁtaries, there are two other
tributarles that come from behind sliver ridges.whichAjoin Moanalua
Stream from opposlite sides at about two miles inland fram the margin
of the range. The topography of the walls throughout most of the
length of Koanalus is rugged and steep, with a more mature development
of side chutes and valleys than Manalkl Valley, but less so than

Kelihi or Nuuanu Valleys. (Figure 8)

HALAWA VALLEYS

The courses of the two distinct mountain streams, North Halaws
and South Halawa, are joined & short distance toward Pearl Harbor
from the main highway, and the combined channel extends about two
miles to 1ts mouth. The two streams through most of their course are
nearly equal in size, and but for the accident of their joining on
the cosastsl plain probably due to diversion when the Salt Lake craters
were formed, wonuld be conslidered separste streams. South Halawsn
Valley parallels the Red Hill ridge and 1s mostly 5/4 mile to 1 mile

wide, and slightly over 5 miles long. (Figure 9) Toward the crest

-15-
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Figure & - View of full height (1100 feet) of
northwest wall of Moanalua Valley, from mid height
of opposite wall. Negative No. 21333-4.
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on boundary of Honolulu and Ewa Districts. At left 15 view of sliver
spur and small valley beyond it. In the bottom of the main valley is
a characteristic meandering of the stream channel and alternation of
talus spurs. Negatives No. 21240-1.
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of the range the broadening head of North Halawa encroaches on South
Halawa, so that the latter, for sbout 1/2 mile of its upper course,
drains an area not over 1000 feet wlde, and at one point lacks only
gbout 50 feet vertically and 100 feet horizontally of spilling over
the common divide aﬁd joining a tributary of North Halawa. The head
of South Halawa is thus very close to the crest end of the Red Hill
ridge, 1s marked by a slight saddle at 2300 feet, and overlooks almost
the middle of the precipltous "cirque®™ of Haiku Valley. Like Moanalusa
Valley, South Halswa Valley has a lower portlon with some suggestion
of a valley flat, 2 middle portion with marked development of slightly
intrenched”™ meanders and s head portion with a narrow, somewhsat
crenulate chamnel course.

North Halawa Valley in 1ts lower part is narrower than .the
south branch but wldens markedly in the inland part. It has seversl
well~developed tributaries on the north side, snd one on the south,
as well as s pronounced branching in the headward part where it drains
at least 13 miles of the range crest. (Pigure 10) Like South
Halawa Valleys and others, its bottom shows the three sections describe
above. Between North and South Halawa Valleys is a flow-slope facet
with an apex at 1152 feet, and south and inland from this point is
a belt of ridges with somewhat subdued topography, separated by a
number of tributaries to South Halawa. This belt extends inland to
another "apex" at 1854 feet, beyond which point the divide between
the two Halawa Valleys 1s a single, narrow ridge.

This belt of more complex topography extending inland from the
simpler flow-slope facet is a feature not so cormon in the Honolulu

area but increasingly found in the Pearl Harbor part of the Koolau

P I A
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Figure 10 - Panorama of middle and head portion of North Halawa Valley showing head
tributaries and range crest as well as the inland portion of the deeper section of
the valley. Taken from buttress seaward from Puu Usu. Negatives No. 21348-49-50,
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leeward slope. It 1s probably due to the less decisive dominance of
major streams in the area where thelr lower courses are longer and
more retarded in erosion by the Interference of the Walanae dome and
the Pearl Harbor embayment, end hence, where midslope tributaries

have had more chence to develeop. From this area, two long tributariles

\go into South Halawa and one to North Halawa, (Figure 5)

ATEA FACET
Northwest of the lower end of Rorth Halawa Valley 1s the

triangular area of the Alea flow-slope facet, which 1s about a mile
wide slong the seaward margin, and which extends inland to sbout 1250
feet. On 1%t 1s Ales Stream, essentially a shallow facet-type stresm,
but with seversl branches. Two branches of this stream drain & dis-
sected portion of a more extensive flow-slope area which extends inland
to Puu UQu at 1656 feet, beyond which the North Halawa-Kalauso divide
becomes a simple ridge. This Alea facet 1s the last section of the

mountalinous area to be dealt with here.

TEE SALT LAKE CRATERS

The Salt Lake craters form the dominating part of a peninsula
which with a width of sbout 3 miles, extends more than five miles
seaward from the margin of the range in the Moanaluna-Halawa sector,
This peninsula borders the Pearl Harbor entrance channel, through
which a2ll drainage from Red Hill to the Schofleld saddle passes.
Building of the craters by explosive eruptions materially narrowed
the original bay between the Koolau and Walanae domes, and, in con-

Junctlion with the growth of corel reef, was an Important factor in

] T -
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the forming of = broad coastsl plain, broken only by the arms and
the entrance to Pearl Harbor,

Salt Lake craster 1s s nearly circulsar, éomewhat ¢compound rim
with elevations of 100 to 150 feet on the south and east and with
various peaks up to 200 or 300 feet on the west and north, where its
tuff 13 merged with tuff from the adjacent Allamanu Crater. (Figure 7)
On the west of S8slt Lake snd south of Aliamsnu Crater is a broad and
massive accumulation of tuff with elevations up to nearly 300 feet,
possibly representing sdditional vents. The mean diameter of the
Salt Lake rim crest 1z about 1 mile, '

Alismanu Crater rim 1= over & mlle long on an east-west axis
and scarcely more than half as wide. It adjoins the northwest side
of the 2alt Lake crater, and the two together are banked against the
margin of the Koolau spurs on the two sides of ¥oanalua Valley to
form a saddle at Red Hill with an elevation of 297 feet. This accumu-
lation probably originally reised the possible outlet for Moanalua
Stream to not much less than 200 feet. The various consequences of
this disturbsnce will be discussed elsewhere. Aliasmsnu Crater hsas
low points iIn the rim on the east and west and pesks of 375 on the
south and 485 feet on the northeast side. The bottom of the bowl of
Allamanu Crater is slightly less than S50 feet sbove sea level.

Mekalapa Crater 1s about a2 mile west of the Alismsnu rim, and
its bottom originally reached to sea level. It 1s in the process of
being artificlally fllled. The rim reaches 100 feet at some points.
it 1s somewhat elongated in a north-south direction with an average
dismeter of about a half mile. The three craters menticned, as far

as we know, were built from offshore vents on a rock platform probably

-18-
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only a few feet below sea level; but they form an areas roughly 3 miles
in diasmeter which has been bullt to elevations from 30 to 485 feet
above presenf sea level, in contrast to the fringing reef flat with
elevations mostly under 15 feet.

Salt Lake was practically at ses level in the early days of
white settlement and was & source of crude sslt, since its water was
subject to marked evaporation. The salt often formed in large crystals
which beceme rounded to spherical pills, 1/4 to 1/2 inch in dismeter,
and specimens of these are preserved at the Bishop ¥useum. For this
reascn, no doubt, it was commonly sﬁpéosed that the lake was connected
with the ocean. Both Dans and Brigham, however, concluded that the
lake had no direect connection with the ocean, a conclusion which has

been accepted by Stearns (1). The latter belleves that the rise of

(1) Stearns, H. T., Op, Cit., p. 129, 1935,

ground water during rainy seasons furnished the wsater to the Salt

Lake basin and that concentration by evaporation was responsible for
the formatlion of salt. This interpretation doea not seem immediately
convineing to the writer, because the Inflow from ground water involves
some consequences that seem not to have been met and 1s not a process
completely analogous to the iInflow of surface water from streams or
springs to desert basins, to which Stearns refers. The writer pro-
poses to discuss thls problem elsewhere and will not expand it here,
except to say that he belleves the accumulation of salt in Salt Lake

to have had more intimate relationship to the ocean than any of these

previous writers conceded.

] G
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In 1919, Well No. 157 was drilled near the north shore of Salt
Lake and has discharged into the lake ralising its level to around

15 Pfeet above the sea and freshening it to a compositlion suitable for

fish culture.

FORT SHAFTER TERRACE

The remainder of the coastal plain ares may be classifled as
follows: remnants of Fort Shafter terrace with elevations chiefly
from 70 to 120 feet, emerged coral reef with or without a slight
veneer of tuff at elevatlione of 5 to 20 feet, and marine or alluvial
shore flats or valley bottom areas chiefly at under 10 feet but
extending up to 50 feet or more in the valleys.

The Fort Shafter terrace fringes the ends of ¥Koolau dome spurs
between Middle Street snd the lower flats of Moanalua Gardens. The
eastern part i1s underlain by lava flows of Kalihi basslt. The
Hawallsn Ordnance depot and the Fort Shafter post are chlefly built
on 1t. Remnants of the same terrace are found in lower ¥oanalua
Valley, in lower Halaws Valley, and at several points westward to
Alea. It 1s mostly composed of gravel, including layers of slluvial
tuff which will be described beslow.

DRAINAGE PATTERN

The inlend dralnage pattern of thls area 1s simllar to various
other segments. North Halawa Stream is a dominant through stream with
& number of important tributaries and a brosdly branched drsinage |
pattern at its hesd. (Flgure 5) Xoanalus 1s only slightly 1essl
mature in 1ts development of head branches and more mature in erosion

of 1ts bottom. South Halaws Stream has several short branches at a
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point sbout a mile from the crest but has only & =ingle tributary
reaching the crest. Mansik! Stresm has s notably long course with
but one long tributary. (Pigure 11) Kahaulki end its shorter
branches end headward, against the northwest divide of Kd ihi Valley.
In the lower courses, nearly every stresm has been modifisd
or diverted by the tuff of the Salt Lake craters. The various branches
of Kahauilki were probably independent channels to the ocean prior to
the Salt Lake eruptions. Kahaulkil was forced southward and acquired
the other channels as branches. Xoanslua Stresm undoubtedly went
directly into the ocean, as did Manalkl Stream. The Salt Lake crater
formed a nearly complete barrler to Hoanalua Valley and forced Moanalus
Stream to find its way southward slong the ends of the rock spurs,
where it has cut the Moamnalua Gorge, partly in tuff and partly in
Koolau lava flows. ¥oanalus Stream then Joins Mansiki Stream, and
the two probably first had a higher course on a more extensive Fort
Shafter terrace and subsequently have developed a valley flat nearly
half a mile wide, graded In relation to present sea levsl.
The two Halawa Valleys doubtless had separate courses to the
sea originally, but with the encroachment of the Salt Lake crater
mass, plus the grading of the valley mouth to the Fort Shafter level,

the streams became merged end have remained so,

Climate

Sufficient indication of the climate of the Honolulu snd Pearl
Harbor areas has been presented elsewhere, Annusl rainfall in the

area covered by this report is shown on the isohyetal map of Figure 12.
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Figure
5T Manniki.
middle part
21316-7-8-9.

- Panoramic view of middle section of Manaiti Valley, and northwest wall
Horizon at left is Unianne Ronge, with a penk of Snlt ILake Crater; in
horizon is profile of flow slope facet townrd Ifoanalua. egatives o.
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The maximum rainfasll shown 1s in excess of 170 inches, and the average
of the mountalnous ares which furnishes infiltration to the basal
water system 1s about 14é inches. Unfortunately, few gages or records
of long periods are avallable for the area west of Kalihil, and the
ischyets shown do not have an accuracy consistent with the scale even
cf reproduction in Flzure 12, and much less so with the scsle at

which the areas and rainfall quantities were measured. Hence, while
in the larger part of the Honolulu area the local errors of the mean
annual rainfall are possibly not over 10 inches and the over-all,
sstimeted mean not in error by more than 5 inches, the corresponding
errors in the Moanalua-Halawa dlstrict can easily be as much as

40 inches and 15 or 20 inches.

Vegetation and solls, settlement, etec.

The soils of the various parts of this district are similar to
those of other leewsrd districts, except Insofar as the tuff of the
Salt Lake craters has produced modified soil cohditions in the exten-
aive coastal srea. Sugar cane is»grown extensively in this ares, and
there has been an increasing amount of military utilization and
bullding in the entire seawsrd half of this distr1§t, including the
lower parts of the range spurs.

On the flow-slope facets, pineapples are grown on those south-
east of North Halawa Valley, and sugar cane is grown on the Ales facet
west of Halawa. All the facet area of Kehaulki, between Kalihi and
Manaikl, has been included for many years In the Fort Shafter reserva-

tlon. Dalrying is carried on in lower ¥znaiki Valley. Much of the

DD
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higher part of the Salt Lake crater group has a surface showing bare
rock, with a scattered vegetation cover of cactus, klawe, lantans,

and other thorny shrubs. The terrsces and valley bottom of lower
Mosnalua are used for the Moanalua golf course. The upper part of

the Moanzlua Gorge 1s now the site of extensive guarrylng operations,
and additional quarries have been started on the west slde of Moenalua.
An extensive quarry 1ls also located In the end of the spur between

the Halawa Valleys. _

Moanalna Valley once had & paved road with at least 10 bridges
erossing the stream, which extended more than 3 miles Inland. These
improvementas were bullt by the Damon family, owners of this drainage
basin. The road in its inner part 1s no longer usable because of
flood damage to bridges or approaches. The bridges were of various
designs in concrete and maSOnry but did not have adeguate underpass
cépacity to handle the exceptiocnal floods which may come In any stream
of this region, and they falled by various means, undermining, erosion
of approaches, and overturning of all or part of the bridge. Taken
as & whole, they furnish a very Interesting lesson in local, small-
scale construction.

Moanalua Valley flat, below the gorge, 1s the site of the.
Moanalua CGardens, landscaped and planted as a pérk and nursery. This
was dedlcated as a park, for the enjoyment of the public by S. M., Damon
many years ago, and arrangements were made for its perpetual care.

The most inland settlement In the area is on Alea Heights
where numerous residences of persons of Honolulu or Pearl Harbor

employment have been built, up to nearly 1000 feet in elevation.
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There 1s a small cabin continuously occupied in North Halawa Valley
about 3 miles inland from the main highway, and a residence is kept

in condition in ¥osnslua Valley nearly two miles inland. In Moznalua,
the ranger's femily lives at a house about 1% miles inland from the
highway. There 1s alsc a cabin owned by the Damon family on the ridge
sontheast of Moasnalua at about 1500 feet and nearly 3 miles from the
highway. This structure, however, 1s Iin disrepalr and has not been

" used for some years. _

The mountalnous area in the several valleys shows similar
characteristics to those described elsewhere. MNoanalua Valley, more
than others, which has been visited and open to some grazing for many
years, has more grassy area and more scattered exotic trees and shrubs.
At prescnt there are four horses and a few cattle, which occasibnally
range to the extreme head of the valley to graze at & polint overlook-
ing Halkm Valley. In Moanalua, spotted deer of the Japanese variety
have been runﬁing wild for a number of years but seem not -to have
spread to adjascent mountaln valleys. At present they are mere sbundant,
or at least are more commonly seen on the lower ground around Red Hill
and Salt Lake, and they arse occaslonally killed by automobiles on the
highways. Protection against trespassers has slso led to considerable
increase in wild pigs, which seem to be more abundant in ¥oanalus than
in any other valley visited by the writer,

There are falrly good tralls on the various ridges of Kahsulki,
inland from Fort Shafter for some distance, but any of these are often
somewhat overgrown and in need of trimming in the inland section. The
ridges on the two sides of North Halawa Velley have excellent dug
trails built by the Civilian Conservation Corps smeveral years ago,
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which are still in very falr condition. The bottoms of Moanalua, and
both Halawa Valleys are falirly open to travel for several mlles inland,
and cattle tralls in ¥osnalua facilitate travel on foot to the crest |
of the head saddle. >Manaiki in its inlsnd part becomes Increasingly
overgrown, and travel is impeded by numerous deep-cut meanders as
well as vegetation., Its head is the most difficult of access of any
part of this aresa.

The inland portion of this ares 1s Included within the
Territorial Forest Reserve. The ownership of land iz shown in

Figure 13. Some of the tracts sre under the Jjurisdiction of the

'Division of Forestry on a tex-free basls; the owners of others,

partlicularly Mosnalua, have elected to pay taxes and to make the land
avallable to the Forestry restrictiong enly in part. There 1s no
water supply reservation in this section, the Honolulun Waférshed
Dralnage Reservation being limited to inland Kalihi end valleys
eastward. (Fizure 14)

D5 -
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GECLOGY

General Geology of the Koolau Range

The general geology of the Koolau Range has been described
élsewhere. Such additional findings as have come from study of this
digtrict will be summariged as differences, for comparison with the
general condlitions elsewhere. It seems clear from the geologic sur-

' vey of this area that both dikes and sills are relatively less abun-
dant in the msain part of the leeward slope west of Nuuanu than east

of 1t. Fewer intrusive bodles were found in Xalihi than in Nuuanu,

and fewer in ¥oanaslua and Halawas than in Kslihi. (PFigure 15)

Apparently the same 1s true of tuff beds. Very few were found
in the district under discussion. Throughout the ¥osnalua-Ealawa area,
the general structure of the range, made up of thin basaltic lava

flows, is similar to that farther east.

The Koolau formation

BASALT FLOWS

The larger part of the mountainous, inland part of this district
is immediately underlain by basaltic lava flows in place. (Figure 15)
These are generally exposed in the middle slopes of the steeper valley
walls and in the lower slopes at the points where the streams swing
against any particular wall. In the upper marging of valley walls
there 1s often a slightly less steep slope and s moderate thickness
of basaltic residuum either in place or moved #lightly down the slope.

s 26 -
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Figure 14 - Sketch map showing existing boundaries of the Honolulu Watershed
Drainage Reservation, together with notes on certain exceptions. Data from
"Regulations of the Division of Forestry", Board of Commissioners of Agriculture
and Forestry, Territory of Hawsalil, effective December 1, 1941.
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Figure 15 - Geologic Map of
Moanalua-Halawa District, Oshu.
Scale 1 inch equals 500 feet.
Working map on double weight,
bromide enlargements from
UeS.GeS. photolithographs, in
sections 1 minute of latitude
(6060 feet) by 3/4 minute of
longitude (4260 feet). (WNo
coples yet made)
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Along the tops of ridges, where these are more than 5 or 10 feet
~wlde, the basaltic residuum is commonly 5 or 10 feet thick, and on

the wide parts of flow-slope facets this residuum may be 25 to 50 feet
thick, with hydrologic properties radically different from those of
the basalt flows when fresh., (Figure 16)

An attempt has been made to map as residuum those areas where
the residuum cccurs continuously over areas of aeveial acres, but
because of the intimate transition from basalt to residuum and practical
difficulties of categorical disecrimination of one from the other, no
great fidelity of detsil can be claimed for the boundary. Hﬁwever,
it is believed that the broad psttern of fairly wlde areas from which
infiltration does (the basalt), and does not {(the residuum), reach
the basal water body, 1s sufficiently valid to be very important, both
a3 to 1ts actual pattern and alsc the total areas contained in each
category.

8imilarly, on the valley sides, the decision as to whether to
map bedrock or detritus is a very difficult one. In some areas, it
is evident that fairly sound bedrock underlies the whole surface at
less than 5 feet in depth, meriting mapping as.bedrock lava flows.

In other areas of m few acres, the cover of detritus in a fan may be
ao’continucus and the configuration sﬁch that 1t i1s most likely the
detrltus 1s prevaillingly 20 or more feet thick. Such an area, in

its hydrologlc significance, 1s properly mapped as intefmediate
aliuvium when on the steep inland élopes. To map a boundary so
sporadic as thet between these fﬁo ccnditiéﬁs, sverywhere within 50 or
100 feet, and to discriminate such on grounds that would be duplicated

in detaill by another observer would require vastly more time than has

oy
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been avallable in the present study. On the othser hand, there is
considerable locallsimilarity from spur to spur, or chute to chute,
on a given valley wall;.as well as some difference between thé mantle
rock, and bedrock relations in one valley a&as compared to the next.
Qn 8ll the mountain traversez which have been made, an effort is made
to record the prevalling condition and map such generalized boundarlies
as are evident. It 1s not possible to-examine the ground of every
acre of the terrain., (Pigure 17) But in a2 broad way, some part of
every square mile has been visited, and ususlly some direct observa-
tion has been made on every 40 acres or less, The mapping of all the
terraln has been based on the local sampling actually done, which 1s
consldered vastly superior to any general office mapping of the
mountain areas which might have been done on the basis of Information
faken from previous maps and trail trips only. The genersl validity
of the bedrock mantle rock pattern 1= superior to the apecific
accuracy of the boundaries st ény given point.

From the standpoint of behavior of ground water in deeper
percolation or flow in the basal water body, the unbroken occurrence

of Koolau rock 1n the mountain area, including practically ali the

. area under the valleys slso, i1s the important fact. On the other

hand, with reference to infiltration, the discrimination bétween some-
what fresh, well-expomed lava flows and the wmeh weathered, compact

méntle rock, whether basaltic residuum or transported, detritsl material
is extremely important, despite its difficulty. Consequently, this

dilscrimination has been made in as much detail as possible, both by~

- direct observation and by interpretation of types of slopes based on

the prevailing local condition,

o D
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As in the other aress, the Koolau basalt passes beneath all
other formations, and forms by far the greater pgrt of the mess at
any considerable depth below the surface. At the ends of most of
the spurs in the Honclulu area, the Kooclau rock has been eroded to
a slope much steeper than that of the lava flows and passes under the
coastal plein formations along the line of a former sea cllff., Some-

what below ses level the rock surface flattens off to form a pavement

- on which the coastal plain formations are laid. The form of this

surface 1s not well known, but it probably is of gentle slope near

the base of the cliff, steepening sgain to something 1ike 500 feet

to the mile, since the Kcolau rock surface under Diamond Head, 2 miles
from the ¢liff line, 1s apparently more than 1000 feet below sea level.
In the Fort Shafter-Moanslua area the steepened ends of spurs are
overlapped by Fort Shafter gravel and by Salt Lake tuff and are not
generally exposed below an elevation of about 100 feet. In the Red
Hill spur, the form of the end of the mass of EKoolau rock is not
exposed, but In Artesian Well Nc. 160, on the northwest inhside slope
of Allsmanu Crater, 3000 feet southwest and down the spur axis from
Red Hill saddle, Xoolau rock was encountered at about 20 feet below
sea level. The surface of the Koolau formation in this area, from
Helawa westward, 1s covered by thick residuum down to sea level,
whereas iIn the Honolulu area the residuum on the flow-slope facets 1s
ehiefly stripped off below three or four hundred feet in elevation,
suggesting that there has been relstively much less erosion of the
coast and of the lower ends of spurs in the FPearl Harbor area thsn

in the Honolulu ares. Some of the probable consequences of these

differences will be discussed below,

pase
- -
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The Xoolau series in the Moanglna—Halawa aree, as el sewhere,
consists of upward of 3000 feet of thin leva flows lying at dips of
4 to 7 degrees. The‘lava flows of the upper 1000 feet of this section
are fairly well known from the numerous exposures in the walls of the
lower ends of the vslleys, but the deeper parts are mostly concesaled.
In practically all the exposed parts there is s predominance of aa
flows, though 1t is perhaps rare that any section of 100 feet will be
wholly without pahoehoe flows, (Figure 18) In the lower walls of
Horth and South Hslawa Valleys, for the first mile inland, and up to
a few feet above the valley bottom 1s & mection consplcucus for a
prepondersnce of pehoehoe flows. Immedlately sbove this series,
however, there are found seversl thick as flows, forming = mass more
than a hundred feet thick which is conspicuous for the thiclmess and
massiveness of flows snd In which the quarry at the end of the dlviding
spur is located.

A part of the same series 1s sncountered in the west portal
to the pipe l1ine tunnel of the Board of Water Supply through Red Hill,
and in this tunnel practlocally the whole length is in as flows,‘or in
thick ellnker mounds which accompany as flowe and which by thelr thick-
neseg and ruggedness would indicate thick as flows if they were not
ctherwise exposed. All these indications show that the Koolau flows
of the seaward parts of the Koolau Dome in the annalua-ﬁalawa ares
are preponderantly aa flows. The same indication was fouﬁd in the
exploration holes which were dismond-drilled in the Red Hill ridge
in connection with subsurface econstruction operations.

Everywhere in any extended sectlion some pashoehoe flows are

found, but nowhere was a section of 287 half the helight of a valley
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Figure 18 - Section of north wall of Manaiki
Valley showing both aa and pahoehoe flows of
the Koolau series. Negative No. 21295.
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wall, such as 250 feet or more, found in which pshoehoe f[lows were
preponderant. If such a condition obtains in the inland portlion nearest
the originasl vents, the rock is not exposed with sufficient continuity
tc demonstrate 1t.

The as flows, when seen in cross-section, consist of dense,
interlor parts, with loose, clinkery, écoreaceous leyers both above
and below. Those who have seen lava flows in process of eruption
end placement on ¥auna Loa or Kilsuea have seen that the fronts of
moving lava flows rarely show any wide or general exposure of liquld,
incandescent lava, but are more commonly deeply covered by an extremely
rough, rugged actcumulation of rough, clinkery, encrusted fragments of
newly solidified, hot lava from fist size to the size of a 10-ton truck.
This mass is mostiy not even red hbt and often almost completely con-
ceals the incandescent, liquid tongue of lava beneath. .The latter
continues to move downalope, showling through various ecracks sn? copenings
especially at night, in & way that is very conspicuous. With the con-
tinued motion of the hot, molten Interlor, the outer part 1z carried
forward, and the loose clinker tumbles snd slumps down the frontal
slope ;hich is mainteined at the angle of rest, perhaps 35 to 40 degrees
Occasionally a tongue of white or red hot liquid breaks out clear of
the detrital cover, but such a tongue after smome cooling is ususlly
soon covered by the clinker., With such behavior, it is apparent that
nearly all the terrane over which the flow advances 1s covered by a
very irregular layer of the solidified clinker which tumbles down the
frontal =lope, before any of the liguld lava of the flow 1s placed.
Thus, both a basal layer and a top layer of eclinker of the same flow
i1s usually, with but few breaks, deposited in addition to the dense
interior part of the flow.

-3l -
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In advanecing over an irregular terrane, perhaps the rugged
surface bf a previous as flow, i1t 1s natural that the tumbling clinker
should fall and be shoved more)thickly into the hollows than onto the
summits of the earlier surface and that the floor on which the as flow
proper 1s deposited would be slightly less rugged than the top of the
previous lasva flow. However, there may be many exceptions to this,
and sections of aa flows often show the dense part poured down over
declivities of 10 to 20 feet and following other irregularities of the
earlier surface. |

Though it is usually not easy to distinguish between the top
clinker of one flow and the bottom clinker of the next overlying flow,
it 1s thought that the top clinker is usually thicker than the bottom
celinker. Because of the difficulty of distinguishing one clinker from
another, the whole secﬁien of a succeaslon of as flows appears as an
alternation between clinkery perts and dense parts. In perhaps‘the
majority of sections seen in the Koolau Range of Oshu, the dense parts
are at least as thick as the ecombined elinker portions, but 1t is not
uncommon locally for the elinkery parts to form mounds or thick lenses
two to four times as thick as the adjacent dense flows. In other place:
the clinkery layer between two flows may locally pinch out to prac-
ticelly zero, thoﬁgh the contact is usuelly quite distinguishable.

The dense parts of the aa flows usually show only scattered,
large, irregular veslcles, with conziderable parts free of noticeable
volds. Such vesicles as are present may roughly mark out broad lines
of flow, but often do not. The dense parts are broken by cooling
cracks normal to the plane of the flow Into blocks which are not much

longer or wider thsn their thickness in the thinner flows and
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relatively shorter and narrower, perhaps less than the thickness of
the flow in the thick flows. Total thickness of the combined clinker
layer and dense part of meny as flows 1s less than 10 feét, perhaps
the asverage falls in the range 10 to 20 feet. A section exposed in
the south wall of North Halaws Valley in the presently operated guarry
is notable in the presence of three exceptionally thick flows which
total at least 100 feet. The north wall here is similar. (Filgure 19)

Pahoehoe flows represent the more primitive conditlon of the
molten lava on eruption, and they s0li1dify as frothy tongues and pools,
commonly with = vesiculef, glaasy crust often wrinkled into what 1s
aptly celled "elephant hide" éonfiguration. Except for the readily
broken glassy crust, there is no c¢linkery detritus; and the banded,
often highly vesicular flows with complex doubling snd infolding of
the vesicular banding, ere leld one directly on snother. Surfilclal
#eathering of the psahoehoe flqws is more rapid than thet of the dense
parta of the aa flows. MNoreover, the lack of flows of marked resistance
in a pahoehoe series is unfavorable to conspicuous exposure of any
single bed. Hence, in the Inland area where there are fewer exposures,
the more Important outcrops are the thicker as flows, though in a
c¢liff sxposure showing continuocus, the pahoehoe flows also appear,

The pahoehoe'rock is relatively unsulitable for most comercilal
rock purposes, since 1t not only has so large a percentage of volds
ar to be much lighter than the other rock, but 1t alsoc is more trouble-
scme at every stege of working, making more dust and waste in crushing.
It 1s also more troublesome in blasting, since the effect of explosives
1s dissipeted throughout the porous mass instead of initiating the

desired rifts., Hence, though some pashoehoe may be unavoidable in any
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Fipgure 19 - Thick aa flows near base of north wsll of North Halaws
Valley seawsrd from Halewa Shaft. Negative No. 21452,
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extensive quarry operation, and though asa clinker is also waste in a
quarry operation, the most desirable quarry rock consists of one or
more thick, dense as members, in a positlon where a minimum of over-
burden, aa clinker, or pshoehoe flows need be handled. Though some
parts of the Koolsu series meet thils condition fairly well, it cannot
be expected In general that unbroken masses of quarry rock in the Koolau
series will be found so large end free from detrimental meterial as
occur in some of the valley-filling messes of basalt of the much later
Honolulu serles which has been quarried sc successfully in the ¥oilillil
gquarry. The latter rock not only solidified under conditions more
favorable to the formation of thick masses but is also of & markedly
different chemicsl composition and appears to crystallize in naturally
denser masses.

Several years ago, a gquarry was opened In the end of the Koolau
spur facing the Salt Lake crater, just east of Mosnalua Vélley. This
quarry has been Intensively operated in recent months and has been
supplemented by the opening of a new quarry on the north side of
Moanalua Valley, inland from the golf course., A large amount of rock
has been eicavated from gquarries around the end of the spur between
the two Helawa Valleys. All these gquarries testify to the pfesence of
somewhat thicker and more sultable ae lava flows than would be found
in random quarrying in the Koolau mass,

As has been stated elsewhere In these reports, the Koolau lava
flows are feldspar basalts having intergranular-porphyritic texture
as the normal condition with varlations toward equigranular or felty
matrix textures, or toward intersertal-porphyritic texture when s

certain amount of glass 1s present. Phenocryasts when present are
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usually olivine, orthorhomble pyroxene, or plagioclase in any com=-
binations or proportions. The groundmass minersls are feldspar
(probably sodiec labradorite), olivine, rhombic pyroxene, sugite, opaque
ore minerals, minute smounts of spatite, and In some specimens, glass,
The foregoing brief summary 1s based on a more lengthy summary by

Winchell (1).

(1) Winchell, H., (In Wentworth and Winchell ¥s.) The Koolau Series,
¥Manuseript, rp. 31-35, 1941l.

Perhaps the most dlatinctlive rock in the whole Koolau basalt
geries 1s the YMoanalus feldspar porphyry phase, which i1s best known
in ¥osnalua, but is also found in Halswa and in Halku Valley oﬁ the
windwerd side of the range. This 1s a besalt porphyry in which at
least half the mass consists of tabular feldspar phenocrysts 1/2 inch
to over an inch in dismeter and usually less than 1/10 inch in thick-
negs. The phenocrysts are rudely orlented with their two longer
dimensicns spproximating parallelism to one plane. Owing perhaps to
the large area of the phenocrysts, to their slmost complete breaking
of continnity of the matrix and to the marked cleavage of the feldspar,
the rock 1s very readily shattered, and i1t 1s practically impossible
to trim out a hand specimen to good form. This friebllity is also
enhanced by the much weathered condition in which much of the rock is
found. This rock 1is found in place in & number of locnlities at low
elevations 1n Yocsnalua Valley, £t several points higher up and near
the head of the valley and also In similar localities in Halewa and
Halku. It 1s gbundant In the stream-borne gravel of Mecsnalua snd less

80 In other valleys.
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A specimen of this rock has been transmitted for chemical
analysis, which will indicate whether its chemicsl ecomposition differs
signiflcantly from that of other Koolau flows, but thie analysis has
not yet been made and 1= probably delayed by war conditions. Up to
the present writing, all chemicsl anslyses of the Eoolsu basalt which
have been made, have confirmed the Impression gained by the microscopilc
examination of some hundreds of thin sections to the effect that the
whole series from the lowest accessible flows to the latest and highest,
show very slight variation in compdeiticn and no discernible trend or

differentiation.

‘ 4-36&
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TABLE OF ANALYSES OF ROCKS OF SOUTHEASTERN OANU (1)

KOOLAU LAVA HONOLULU SERIES LAVA
9948 8991 9986 10396 9980 9962 10402 9982 10399 9961 9960 10400 10401
Malspuu Menos Helku TWelae- Waimes Eoko Kalsma  Black Kasu Nuuanu  Kalihi Train- Puu
hole . Point Waiomao ing Seoh. Higzii-

810, 49,62 50.08 $0.59 48.74 50.987 45,13 485,04 42,848 38.72 38,87 38,76 §7.10 87622
T1i0g 1.51 2,08 2.18 2.42 32.14 2.94 2.52 2.84 2.82 2.79 2.41 2.90 2.02
Ala0gy 12.68 15,80 15,34 15,98 13.72 16.40 12.80 11.46 11.56 11.71 11,98 11.12 12.08
Fey,0g 3.21 3458 2.23 4.14 2,39 3.42 3.84 3.34 4.54 .21 8,08 8,568 65.18
FeO 7.80 781 8.18 Te18 7+81 8,17 .18 9.08 8.17 7.78 746 T+31 7T.88
¥n0 .08 o1l «08 «08 11 .07 .09 «13 «13 011 .08 «09 o1l
¥g0 13,88 8,70 7.84 8.968 10.18 .52 11.43 135.61 13,27 13,08 12.08 12,81 12,71
Ca0 7.48 9.92 9.60 9,90 8.651 11.30 10,78  1l.24 14.84 12,84 13.81 13.566 13,24
Ba0 Kone Kone ¥one Hone Fone +08 +08 .04 «11 .08 «18 +13 212
8r0 Nons Hons Kone None None None None None Fone None Hone Kone Fone
Ras0 2.36 2438 2.68 277 2.56 382 3.84 3.02 3.88 4,22 4675 4,568 5612
K20 .15 .17 o11 .22 .61 1.02 1.02 .93 .62 1.20 .91 1,20 .71
HoO~ o34 28 + 27 «70 «08 «42 «02 »12 «41 .19 38 04 «28
HpO4 «87 o 74 64 1.19 «81 1.16 .56 44 1.68 «69 1.61 1.11 1.78
COp None None Hone None None .05 None None Kone o27 None Hone None
Pg0g .04 .12 «16 .08 +28 .68 +43 62 .82 1.11 1.41 1.19 1.40
504 02 «08 .07 .08 «08 07 «21 .08 « 31 .07 07 +34 17
Crg0g «19 .08 .08 .04 207 Xone Hone 04 07 .08 «03 04 08

99.82 99.87 99.82 100.456 99.90 100.01 100.14 99.81 99,856 99.88 99.88 100.03 100,086
8pe Or. 3.09 8,02 3.06 2.99 303 3.14 3.19 3,10 328 3,10 3.19 3.14

(1) These analyses made by F. A, Gonyer, with compensation from the Geologioal Society of America Project Grant 297-39,
sewarding $1000 to the Committee on Hawaiian Petrology for enalyses of rocks from Southeastern Oahu and East Maui.
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DATA ON ANALYSED ROCKE SPRCIMENS

3pecimen Photo
No. No. Longitude Latitude Locations
(1) (2)

9948 288 157039142" 21018146" Kooleu lava; southeast end of the Koolau Rangs,
O0ahu, T. H. Roadeut on windward side below Kings
Highway Pass, Mskapuu Head. Specimen from road
level, 50 feet southeast from lower (northwest)
end of cut, and near second manhole cover from west
end of cut.

9991 304 1879471407 £1019154" Koolau lavay south central Koolsu Range, Oshu, T.H,
Waiakeskua branch of ¥Wanoa Streasm at top of fall
below Wright monument and rain gauge, and bestween
the lowest and the second crossings of the pipeline
carrying water from Manoa Tunnel Number 3 to
Honoluln,

9986 301- 157°50t17" 210p4140" Koolau lava; central Koolau Reange, Oahu, T, H,

302 Elevation 730 feet in left wall of gulch carrying
main flow of water to the left (north) fork of
; Haiku Stream, Haiku Valley, near Kaneche.
103986 337 15705311 74W 219281 09" Kooleu lava, Walshole Valley, Oahu. From elevatior
' of 890 feet, in channel of amall tributary north of
first intake north of main tunnel through rangse.

9980 299 158°04116" 2 %3g106" ‘Koolau lavat north end of Kooleau Range, Oahu, T.H,
Near concrete marker on shore opposite Wananapsaoa
Island, north of Waimea Bay.

9962 294 - 1570411387 21016733 " Koko lava, Honolulu series; ¥oko Head, Oshu, T.H.

295 Southwest side of =msll flow in gulch north of

38w

Henauma Bay at about 130 feet slevation.
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3pecimen Photo
No. No. Longitude Latitude Locations

(1) (2)

10402 340 157939152" 21017154 " . Kalama lava, east of Koko Crater, Oshu. From east
‘ gide of main highway, north of concrete bridge and
south of junction with old private road to Makapuu

and about 0.3 mile north of beach,

9982 300 157947145 21015130" Black Polnt lava, Honolulu series; Black Point,
(KRupikipikio), Oshu, T,H. About 30 feet east of
the foot of the steps foming a publle right-of-wa:
to the beach, at the south tip of Black Point.

10399 338 157947103 21°18153" Waiomao (Palolo) lava, Walomao branch of Palolo,
Oshu, From south bank of road cut 250 feet from
Inland end of public rosd, elevation ca. 600 feet,

9961 291~ 157°50150" 21919143 " Nuuanu lava, Honolulu series; Nuuanu Valley, Oshu,
292 T.H. Northwest bank of Nuusnu Streem immediately

above Kapena pool.
9960 290 1670s50'10" - 21022112" Kalihl lavse, Honolulu series; Kalihi Valley, Oshu,

T.H. HRight bank of Kalihi Stream at water reser-
vatlon boundary, elevation 600 feet., Analyzed
sample composed of chips 2 inches or less in dia-~
meter, hand sorted to eliminete olivine segrega-
tiona common in this flow.

10400 339 157°45140" 210922158 " Training School lava, Kailua, Oahu. From road banl
east side of Maunawlll Valley, about 1/2 mile west
and south of Kailua-Lanikal junction on main high-
way, elevation ca,

10401 - 157045'30" ‘ 21°27130" Puu Hawailloa lava, Mockapu, Oshu. From quarry nea;
east side of flow at elevation of 50 feet.

Note (1) Field 1ocationé; Board of Weter Supply, Geologic Survey Honolulu Watershed.
(2) Fleld Negative File, H. Winchell, Board of Water Supply.
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The foregoing analyses furnish extremely valuable Information
in the discussion of the fundamental petrologlc problems of the Koolau
lavas and of the later differentiation by which the Honolulu series
lavas were produced. Many of the detalls revesled are quite beyond
the scope of the present report, but it 1a desirable to polnt out the
elementary differences between the Xooclau lavas and those of the
Honeolulu series. (Figure 20) It will first be noticed that the Eoolan
basalts show very moderate varlation in silica (8102) content, from
48.74 to 50.97%, despite the fact that the specimens came from localitles
widely scattered over the whole Koolsu Renge and from stratigraphically
different posltions. There 1s 8lsc a close agreement In the amounts
of other oxides, except that Mg0O varies through s rather wide range.
This close similarity in composition of the analysed specimens confirms
the impression gained from petrographic study of a large number of thin
gsections. The Koolsu rock alsc agrees closely in composition with the
prevalling basalts of the exposed, actively building parts of Kllaues
and Mauns Loa. All these appear to be the fundamental, primitive sort
of volcanlec rock which forms the earlier and major part of the mass of
most Hawailan volcanocea. All other varleties appear to come later in
the history of any one dome an? iIn some domes may not be produced at
all.

If the ¥oanalua feldspathle rock should have a markedly different
chemicsl conposition from the usual Koolau flows, it would be of great
interest, either-as en example of abberant composition or perhaps
Inelpient differentiation, but it is not clear from the micro;copic

examinstion of sections, thet there is such a difference, the

40w
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Figure 20 - Trlangular dlagram showing composition of Koolau
and Honolulu series lava flows,.
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distinction more probably being one of texture and unusual growth of
feldspar rather than total chemical content.

The Honolulu series lavas contain 5 to 15% less silica than .
the Koolau lavas do, that 1s from 36 to 45%¢, and carry proportionately
larger percentages of other oxides, especially llme, lron oxldes, and
magnesia (with some exceptions). These are accordingly known as
ultra-basic lava rocks, and the diffsrences in content of various
oxides are reflected in the differing mineral content of these rocks
from the Koolau r ocks. Fnrther detsalls on the chemical compesition,
mineral composition and the petrogenetic Implicatlion of the somewhsat

variable rocks of the Honolulu series have Deen presented by Winchell (1,

{1} W¥Winchell, H., Op. Cit., 1941.

-

KOOLAU ASH AND TUFF BEDS

About 8ll that can be ssild under thia heading 1s that the‘
sporadic lenses of tuff, contemporaneocus and cognate and interbedded
with the Koolau lava flows, which have been described In earlier reports,
are extremely rare in the Moanalus-Halawa district. Prior to the
commencement of this survey, the most detailed informastion on the
geology of southeastern Oahu was that contained on the map and In the

report published by the U. S. Geological Survey (2). On this map a

(2) Stearms, H, T. and Vaksvik, K. N., Geoclogy and Ground-Water
Resources of the Island of Oshu, Hawall, Territcry of Hawaiil,
Division of Hydrography, Bulletins I (Text) and II (Map), 193S.

considerable number of tuff beds and also of dikes and sills were
shown in the Honoluln portion of the Koolau Dome leeward of the crest,

—dd] -
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especially from Nuuanu eastward. Not nearly so many dikes, sills or
tuff beds were shown in the main leeward part of the Koolau dome west
and north of the Honolulu area, but 1t was thought possible that
readier access and more detailed interest in the Honolulu area might
be either partly or wholly responsible for this difference in the
indicated sbundance of these features.

As this =zurvey has progressqd, with the first report dealing
with the Pslolo-Waislae mrea (in which dikes are certainly much the
most abundant}, 1t has become increasingly spparent that there 1s =
real and marked variation in the concentration of both the intrusive
bodies and tuff beds. Whether there 1s a8 caussl relationship between
the tuff beds and the intrusive bodles, such that thelr asbundance or
scarcity would be in some correlation, is not wholly clear, though
according to one interpretation of the tuff beds, this would probably
be the case, The varlous aspects and possible significance of thils
condition will be discussed further in snother section.

One bed of red tuff 1= fcﬁnd at the level of ¥o:nalua Stream at
a point gbout 800 feet inland from the Junction of the two main head
branches. This is about 5 feet thick. A short distence farther inland
iz an outcrop of red tuff about 40 feet above stream level which is
probably the same bed, though the horizon was not traced. These two
represent the most conspicuous occurrences and practlically the only

ones in the area covered by this report.

KOOLAU DIKES AND SILLS
Dikes and sills are extremely few in number in the Nosnalua and

Halewa portions of the leeward slope. The main vent zone of the dome,

-dDa
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now marked by the dike complex, lies s quarter to three guarters of a
mile outside the limits of the hesds of the two valleys, and few Indl-
catlons of an increase in concentration of intruslve bodles with
approach to the vent zone were found, though it 1s probable that such
increame Aoem tske place. Apparently the concentration over the

whole area 1z 80 low that 1t is not significantly revealed under the
existing conditions of exposure. (Figure 21)

The principsl observation to be offered in regard to dikes and
#11ls in this sres iz the fact that under similar conditions of expo-
sure and of detailed observations, they are very much fewer in number,
For s description of the general nature of the dikes snd =llls the
reader is referred to other reporta of the serles.

At the time when the PalolofWaiélae report waé written, the
writer took the view that these dikes, mostly transverse to the trend
of the dike complex itself, and found with some varistions in concen-
trotion, scross Wailslsenul, Walomso, Pukele, and eastern Menoa, were
late dikes intruded into a system of fissures developed as accommoda-
tlon joints to the elongate mass of the Koolau dome. At the same time,
he took the view that the occasional red tuff beds interbedded in the
Eooclsu series were the result of scattered phreatic explosions induced
in lava flows at points away from thelr source vents.

As the detailed survey continued across Manos and into Nuuanu,
there was noted & decrease in the number of dikes snd also an apparent
concentration of red tuff beds. During his term of service as assist-
ant in thils work, Horace Winchell put forward slternate hypotheses to

the effect that the subcomplex of dikes and sills in the Walalze,

—d B
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Figure 21 -~ Detail of outerop of intruslive rock in chute on north
wall of Woanalua Valley. Negatlive No. 21254,
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Palolo and East ¥anoa band might constitute the third rift zone of the
Koolau dome (recognizing the common development of three rift zones

in many volcanoes,.and the geometrical principle that three cracks
radiating from a point are necessary to fully accommodate shrinkage

in a plane) and that the red tuff beds may really be individually more
wldespread than they have seemed to be and are somewhat concentrated
in a certaln part of the section of EKoolau dome and hence perhaps
derived from central vent eruptionsa duriﬁg & certaln stage of the

Koolau growth (1). The relation between these two hypotheses, one

(1) Winchell, H., The Fonolulu Series, pp. 25-26, 124-128, 1941.

dealing with dikes and the other dealing with tuff beds, 1s in the
bearing on the problem of former exiatence of a well-developed central
vent and posaible-caldera in the upper Maunawilil basin. If these
hypotheses are well founded, they favor the centrsl vent fheory.

The comparative rarity of both tuff beds snd dikes, except in
the dlke complex, in the area west of Nuuanu, as increasingly indi-
cated by the present survey, suggests that some speclal condition has

exlsted In the area adjacent to the suggested central vent east of

Konahuanui, and that neither of these features can be entirely explainec

ag due to wldespread, sporadic conditions. Thus, recent findings lend

some Indirect support to the central vent theofy.

—ddm
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Older sedimentary formations

OLDER ALLUVIUM

Az in other parts of the Honolulu area, the categorical
discrimination of sedimentary formations by age is diffiecult, though
at a given outerop, it 1s easy to distinguilsh between two or more allu-
vial or othef formations obviocusly of great difference in age. Because

of the lack of distinctlive petrographic constituents, of dated, inter-

. bedded fommations, and of fossils, the separation of the various

formations is practlcally based on the degree of weathering. And
because of the contrasts in reinfall, in ground-water eonditlons and

in original permeadbility of the formations, the degree of wéathering

is often extremely varisble for beds of the ssme age In years which

are of different materials or In different locations. Hence the
separation into Older Alluvium, Intermediste Alluvium, and Recent
Alluvium is necessarily based on local homeology and cannot be fegarded
as belng preclse iIn a historical sense. On the other hand, since degre:
of weathering iz of such prime Iimportance in the fixation of hydrologic

characteristics, the dlstinctions here made are probably locally more

useful than a strict historical classification might be, even 1f the

latter were possible.

In the ¥oanalua-Hslawa area, the land-derived sedimentary
formations are of mcre than néual Interest-because of the conspilcuous
deposits which form the Fort Shafter terrace and of the interrelation
between these and the Salt Leke tuffs, Without implying that it is
always poasible tec distinguish any given outerop or that completely

valld marping has been accomplished, certaln facts have been developed.

wd 5
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The oldest sedimentary formation found in the area is a deeply weath-

ered coarse gravel which lies on bedrock in varlous deep channel

|
i

exposures snd which underlies all other formations, including the

gravels, tuffaceous alluvium, and the llke, of the Fort Shafter terrace

(Figure 22) This is here designated as the Older Alluvium. Next

younger than this Older Alluvimm 1s the Intermediaste Alluvium, in which
we must apparently include the whole section of the Fort Shafter
terrace except the actual primary tuff layers. This Intermediate

Alluvium of the seaward areas and valley bottoms is usnally better

o,

sorted than the older alluvium, its gravel is fresher in most places,

though in sections having a tuffaceocus matrix, it may be nearly as
g much weathered as the 0Older Alluvium. The Intermediate Alluvium in
the seaward area 1s in many places overlain by & few feet of fresh

black ash or Salt Lake tuff of the latest eruption, while 1ts own con-

tent of tuffaceous layers shows that an earlier eruption toock place

while the terrace was being formed. In the inland ares, all the
transported material on slopes, except the gravel of actusl stream
channels or adjacent bars, iz included as Intermediate Alluvimm. In
the inland area, while much of the mantle rock is subject to downalope
movement and wash, the deeper portlonsz are doubtless very old, while
the surface parts may represent very recent derivation from weathered
bedrock. In such conditions, where weathering of the bedrock 1s con-
tinued iIn the weathering of the slowly moving detritus, the determina-
tion of the date of commencement or of emplacement becomes academic.

The Recent Alluvium includes the materisl of channels so

obvliously subject to recurrent movement and rearrangement that its

freshness is evident and also includes the fresh, little-westhered

46
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Figure 22 -~ Channel of Moanalua Stream near the Forest Heserve fence,
showing Koolau bedrock (left foot of figure), old alluvial gravel

(right foot) and recent alluvial boulders (right hand). Location
No. 2680. HNegative No. 12641, '
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and loose surface material of flood pl%?s and gentle slopes near the
coast, Here, as far as exposures permit, there 1s commonly sufficlient
stratigraphic distinctness to permlt some degree of seﬁarate mapping.
The 014 Alluvium, here under conslderation, is probably =
widely distributed formation undernesath the cover of later valley-
£i114ing formations in the lower valleys and perhaps on parts of the
Koolau rock basement under the coastal plain. It has been found,
moreover, that where the older alluvium lies on bedrock, with little
exception, the bedrock is also much weathered for some feet below 1ts
upper surface, The old alluvium has acquired its deeply weathered
character in place, and it is natural that the bedrock, similar both
chemically and physically, to the sedimentary cover, should also have
been weathered. (Figurs 23) The two together, therefore, form &
relatively tight hydrologic barrier over the less weathered, more
permeable Koolau rock of the agquifer. The deep weathering is a con-
gsequence of thelr remaining long In place where climatic conditions
favor such weathering and thelr permanence in such places derends on
elther relatively low slopes, or on deep burial and flanking by thilck
masses of other material. The older alluvium, though exposed only in
a few outcrops where streams have cut deeply, 1is probably generally
present as & mantle over the bedrock, and under later formstions, in
the lower parts of all the valleys eand iIn the bottoms of wider upper
parts of the large valleys where graded spur slopes are developed and
where a significant amount of aggradation took place following the
period of deepr valley cutting. Excellent exposures of old slluvium
were shown in the various excavations for the North Halawa project,

described elsewhere in this report,
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The physical character of the older alluvium has been described
elzewhere In this aéries of reports. It 1s only necessary to emphasisze
that 1t 1s highly impervious znd forms a very effectlve barrler to the
movement of water. (Pigure 24) It functions in two Important ways
in controlling water movement. Areas where the bedrock is overlain
by the alluvium {and supplementing weathered bedrock) are ineffective
areas of infiltration to the bedrock aqulfer, and most of the rainfall
which mey be absorbed into younger overlylng elluvial layers is prob-
ably diverted seaward on the top of the layer of older slluvium,

| The second manner in which the older slluvium influences water

movement ig Iin forming sub-sealevel barriers in valley axes, which
impede lateral movement of basal water and give rise to the differences
in head between asdjacent lasoplestic areas. The first of thease Influ-
-ences depends chiefly on the width and length of the larger'valleys;
the second depends on the depth to which the valley was once cut. None
of the valleys of this area are as wide, or as deep, as Kalihi, Fuuanu,
¥Manoa or Palolo Valleys, but there is consliderable contrast in thelr
form and 1limiting dimensions. For example, Moznalua and the two

Halawa branches are sufficlently wide at the margin of the range so
that there is good reason to belleve that the former valley rock profile
extends 100 to 200 feet below the present flat of the lower valley and
hence probably at least to basal water level. This 1s & minimm based
on the projection of the moderate slope of the present rock walls,
{Figure 25) On the other hand, 1f there should be rock slopes as
steep as those found on the eastern side of Palolo Valley by diasmond
drilling, the rock floors of the two Halawa valleys somewhat inlend

from the nose of the spur between them could be as much as 125 feet

S
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24 = Detall of older gravel showin

weathering. The generally soft condition of the boulders and the major '
spheroidal structures are due to the primary weathering, either in situ

or before the gravel was deposited. The crumbling and fine-meshed

checking shown in this plcture are due to the exposure to air of materlal

having the physical and chenical constitution developed earlier and may
properly be called secondary weathering. Negative No, 21238,
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Figure 25 - Geologic cross-section from Kalihl to Alea, along a line tangsent to the several 500
foot contour loops on the spur facels, The several drill holes indicated are not on this line
but each is projected into this crose-section in a position corresyonding cloaely with its rels-
tion to the valley and the wallev wall, Tre hagal water table from Kalihl to the east side of
Woanaluaz approximates the elevation of 24 feet (October, 1942); on the west side of lioanaluna
Velley is & drop of about 0,70 feel, thern one to 21.7 wesl of South Felewn snd to 19,50 west of
Forth Tnlawa Vollew, 1o drill hnles have explored tle deeper parts of arny of these vellews and
posgible rock profiles A and B ar~ based on widbh ard sheerness of vellev toporraphy. Profile A
ig ehont tre shallowest Il geerna ploneible; profile B is no deeper tran ig poasible if rock
nlla oot Yrvae geae atecn oo amee veroa b Iy Palaln Tl e e A3 1Y S,
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below sea level and that of Moanalua Vslley could be more than 300 feet
below sea level. The present filling of these valleys, probably older
alluvium, would operate as & barrier to basal water movement, From
measurements of static level In test holes from Kalihi to Alea, it

appears that the chief barrlers are in the branches of Helawa Valley.

OLDER WMARINE FORMATIONS

Since the term Older Alluvium has been applied to formations
underlying the complex series having a tuffaceous matrix and known as
the Fort Shafter terrace formation, the desiznation Older Mgr;ne for-
mations refers to reef and other depositas older than the vizible
Selt Lake tuff. Very little is known of such deposlts except from the
records of artesisn wells. In the compiletion of well log data made
by H. A. Powers and presented in Bulletin I, Plate 20, it is shown
that nearly continuous coral deposits prevsil in the wells between
Kalihil entrance and Pearl Harbor entrance, through the Salt Lake
sector, from 200 feet below sea level to slightly above or below ses
lJevel. A similar condition 1s found in the Punchbowl sector of the
coastal plain from Rocky H1ill to Ruuanu Valley. There 1s abundant
evidence to show that the mass of the exposed, visible tuff cones of
Salt Lake and Punchbowl lies over and hence is younger then these sub-
sealevel coral limestones. It seems clear that within rough limits

the latter are correlatable with the older slluvium. The accumulsation

.of the older alluvium obviously occupled a long period after the cut-

ting of the deep valleys and perhaps several stands of the sea. The
older limestones were formed during the same interval and were prob-

ably moat continuously and thickly deposited in the sectors not

. Yo
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opposite river mouths where alluvistlion would make conditions unfavor-
able for coral growth, hence, opposite stable cones. Whether thls 1s
the full explanation of the restriction of thick masses of sub-seslevel
coral to the Punchbowl and Salt Lske area, or whether there was addi-
tional aid to coral growth by the earlier formation of lava flows or
tuff cones arocund these vents 1s not wholly clear. At any rate no
direct evidence of such early eruptlions has been dlscovered.

Because of the method of boring the artesisn wells, by chummn
drilling, there is little direct information on the character of coral
of thls formation. Below the b#se of thils limestone, from somewhat
over 200 feet to over 700 feet below ses level, the well logs reveal
an alternstion of chiefly gray, or sticky clay, with subordinate
thicknesses of corsl, the latter being from 1/3 to 1/6 of the whole
thickness. There 1s little doubt that the whole mass is of marine
deposition and represents the marine offshore fill which took place
as the gmea level fluctuated, probably rilsing Intermittently from more
than 1000 feet below present level. The lower part of the section,
with clay predominant, probably represents the part deposited before
the outlets of streams, particulerly Nuuanu, ¥Xalihi and the Pearl
Harbor group, had been restricted to something like the present chan=-
nels, After this restrictlion had taken place through growth of coral
and probably a retarded asggradetion, the parts of the shore line not
directly in the line of valley outlets became the sitez of deposition
of over 200 feet of nearly pure coral,

The effectiveness of marine, as well as the subaerlal parts,

of these older formations as water barriers, i1s practically shown by

=50=
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the behavior of srtesian wells and the general artesian condition.

It i1s possible that if fresh, unweathered coarse rock detritus were
placed in falrly deep water, offshore, that it would remsin unweathered
and relatively permeable. However thils may be, there is no evidence
thst any such deposition has taken place, and every‘indlcation is to
the effect that =11 the terrigencus marine mediments in Hawaill are
sufficiently weathered before, during, and after deposition as to be

of very low permeabilitﬁ. The calcareous marine sediments also, where
these occcur under a moderate cover, are nof generally or notebly perme-
able, though cavernous conditions oceur locally in the zone just at

sea level, owing tc solution by fresh, basal water.

Honolulu volcanic series

GENERAL

This volcanic serles consists of basalts, black send and cinders,
and brown and drab palagonitic tuff erupted from upward of 30 vents in
southeastern Oshn, ®ll located southeast of a line drswn due northeast

from Pearl Harbor entrance (1). These rocks differ markedly in

(1) Winchell, H., The Honolulu Seriles, Harvard University, Thesis,
PpP. 1-198, 1941.

composition from the Koolau serles, beling, sccording to Winchell,
linosalte, nepheline basanite, nepheline basalt, and nepheline-melilite
bagsalt. The chief aifference is in the lower peréentage of 510,
36.72% to 45.13% in Honolulu series, as against 48.747 to 50.97% for

=51~
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the behavior of artesian wells and the general arteslian condition.

It is possible that if fresh, unweathered coarse rock detritus were
placed in falrly deep water, offshore, that it would remsin unweathered
and relatively permeable. However this may be, there 1s no evidence
that any such deposition has taken place, and every'indication is to
the effect that all the terrigencus marine sediments in Hawaill are
sufficiently weathered before, during, and after deposition as to be

of very low parmeabilitf. The calcareous marine sediments also, where
these occur under s moderate cover, are noﬁ generally or notably perme-
able, though cavernous conditions ocecur locally in the gzone just at

sea level, owing tc solution by fresh, basal water.

Bonolulu voleanle serles

GENERAL

This volcanic serles consists of basgalts, black send and cinders,
and brown snd d4drab palagonitlic tuff erupted from upward of 30 vents in
southeastern Oghu, ®ll located southeast of & line drswn due northeast

from Pearl Harbor entrance (1). These rocks differ markedly in

(1) Winchell, H., The Honolulu Serles, Harvard University, Theslis,
Pp. 1-198, 1941.

composition from the Koolau series, being, sccording to Winchell,
linosalite, nepheline basanite, nepheline basslt, and nepheline-mellilite
basalt. The chief difference is in the lower peréentage of szog,
36.72% to 45.13% in Honolulu serles, as against 48.74% to 50.97% for
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the Koolau series in eight analyses recently made. (FPigure 20) The
elementary difference in mineral composition lies In the faet that in
place of plaglioclase feldspar (labradorite) which occurs in the Koolau
baaalt, there are usually nephellne and scmetimes also melilite. The
rocks of the Eocolau series have a graln density of about 35.00, whereas
those of the Honolulu series range from 3.05 to 3.20.

Rocks from four vents of the Honolulu series are present in
the Moanalua-Halawa district. These are (1) Sslt Lake tuff,
{(2) Aliamanu tuff and basalt, (3) Makalapa Tuff, and (4) the lava
flow (Mgnaiki) and cinders from Puu XKahusull, near the head of the
Kalihi-Manaiki divide. The dating and chronology of the several
eruptions‘ia not easy to determine. It is evident to anyone examining
the rocks of the region that there have been at least two periods of
eruption, separatedAby an interval long enough for considerable erosion
to have tsken place and for a soll to develop and support a growth of
trees and other vegetation. (Figure 29) The upper tuff laver is
the principsal meszs of gray snd dradb palagonitic tuff which forms the
8xposed parts of the Makalspa, Alismanm and 3alt Lake craters as well
&8 the rock surface just undér the soll over large arsas outside the
rugged crater massea.’ The older tuff 1s in places = priﬁary tuff,
deposited directly from the air, but the more conspicuous parts of it
occur as alluvial lenses and finer matrix in the gravel sections of
the Fort Shafter terrace. It 1s not certain whether all three of the
vents, Salt Lake, Aliamanu, and Makalapa, were active during two
stagea of attivity; but thils is probasble, since sections which show

the two tuff formations are widespread and occur near and around esch

. Y
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of the vents., Likewlse, there does not yet appear to be any entirely
conclusive evidence to show the age relatlions of the early or the late
eruptions of the several craters.

It seems reasonably certain that the Allamanu vent was active
during the early stage, which has been included with the Kaena

(95-foot) end Lale (70-foot) stands of the see by Stearns (1) He

(1) Stearna, A. T., T. of H., Division of Hydrology, Bulletin 1,
rp. 108-111, €8, 1935.

-considered that all the earlier tuff came from the Allamanu vent. Thilsg
is possibly the case, though the exposures on the east snd south sides
of Salt Lake Crater atrongly suggest that a crater ring of similar
form to the present one was in existence arocund the 8Sslt Lake vent
prior to the deposition of the late tuff. Though tuff from the several
vents has not been discriminsted petrogrephleally, if thls mass did
antedate the later tuff, 1t would prove earller activity of the Salt
Leke vent. Though there are considerable thicknesses of the earlier
tuff at variocus points near Makalaps vent, the earlisr activity of
that vent i1z not ;o readily shown. Late tuff, carrying fragments of
earllier tuff, have been found in the Hakalapa earea, but these do not
prove 1f the earlier tuff was of Makalapa origin or was from Alismanu
or Selt Lske vent.

A late eruption of Salt Lake is Indicated by the heavy mantle of
tuff around the Salt Lake rim. Stearns concluded that the late tuff
came chlefly from Salt Lake and Malkalapa vents and states that 1t can

readlly be distinguished from the Alismanu (earlier) tuff by its

«853F
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subaerial character (1). The present writer recognizes that

(1) Op. Cit., p. 127, 1935,

substantislly all the late tuff is primary, ssriform ("subaerial™ can
apply to stream-laid gravels and l1s not a precise temm f&r what Steazrns
meant) tuff and that much of the earlier tuff consists of alluvial
derivatives., However, he belleves that some of the layers interbesdded
in the terrace section are primary, aeriform tuff and that more of the
primary tuff 1= found that Stearns appeared té recognize. Hence, this
character ié hardly a criterion for discrimineting the two tuffs. In
some places the two can be separated by a aoil;layer, but in others
there i1s only a slight break between what appear to be primary layers
of the two, |

It seems clear, becsuse of the preservafion of the shallow
Maksalapa Crater that here there was at least an important eruption at
the late stage. As to Aliemanu, the problem is whether the tuff which
lies 50 to 100 feet thick (2) on its north rim, 1s wholly of Salt Lake

{(2) Stearns, p. 109.

erigin, or is partly from Alismanu vent. Stearns epparently took the

former view, since he says, "The upper tuff can be traced to Salt Lake

‘Crater; hence no doubt exists as to its source (3).7

(3) op. Cit., p. 109, 1935.
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Grenting that this upper tuff can be traced to the mass which
mentles the Salt Lake rim and which contains numerous bombs in the
Salt Lake area, it 1s not clear why it cannot slso in part have come
from a simultanecus eruption of the Allamanu vent, s possibility which
Stearns does not appsar to consider. In fact i1f this tuff iz 100 feet
thick on Aliamsnu rim, this appreers to suggest partial derivation from
the Aliesmanu vent, since there 1is sufflicient indication that the thilck-
ness of this upper tuff is nowhere else of c¢omparable thickness at
equal distances from the Salt Lake vent either to the sast or west of
Aliamanu Creter, According to the writer's observations, the upper
tuff at such diatances from Salt Lake has thicknesses generally less
than 25 to 30 feet{ and it is doubtful if erosion has removed more
than 8 or 10 feet from any parts of the surface. It is therefore
regarded as more probable that the Allamsnu vent was active simultan-
eously with Salt Lake and Makalspa durling the last stage. This has

been correlated with the Waipio stand of the sea (1). No data for a

(1) Op. Cit., p. 127, 1935.

more preclse or valild correlatlion have been developed during the present
survey.

The allocation of the Manalki lava flow to the Kasna stand of
the sea by Stearns is based onAhis identification of nepheline basalt
boulders in the upper part of the Fort Shafter terrace section in the
Damon Hoad cut, and their supposed absence from the lower part.

(Figure 26) It was concluded by him that ™Manalkl Stream was suddenly

-55-
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Figuré'éé - View of gravel section in Da
coarse gravel 1s the layer which Stearns believed was composed mostly

of nepheline basalt bouléders. Negative No. 12457,
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diverted to this place by the Alilamanu (eerly) erurption (1)." The

(1) op. cit., p. 109, 1935.

writer has exsmined this cut and has 1dentified the beds referred %o
by Stearns. Specimens were taken from various cobbles and boulders

in the several beds described in his section. Microscoplc examination
of these does not sustain his statement that the lower boulder con-
glomerate lacks the nephelite-melilite basalt; on the contrary cobbles
of this basalt, presumably from the Manalkl branch of the Kehuaull |
basalt (Kalihi basalt of Stearns) occur within 5 feet of the base of
the water-laid, pumiceocus "fire-fountsin™ tuff. ¥oreover, the 4-foot
layer of well-rounded boulders, whilch he describes as consisting "mostl
of nephelite-melilite basalt’, and whichi;eadilj identified by the
matrix of reworked vitric-lithic tuff, was closely examined and found
not to carry sny more nephelite-melllite besalt than adjacent beds.
Chips were taken from 11 boulders at random in this bed and on thin
sectioning not one was found to be Manaikl basalt. On the other hand,
this type of basalt could be found by careful fileld seiection. In
short, examination of this road cut shows that this basalt occurs
sparingly throughout, with a concentration comparable tc that in the
gravel of nearby Manslkl Stream and 3d1d not indicate any locallzed
concentration in eny particular bed (2). Thils means that the Eghuaull

(2) It 1s fair to point out that Stearns made his observations
without benefit of thin sectlions and the microscope, but it
appears that hls assurance in certain generalizations was not
Justified,

=56
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eruption was at least as early as the Kaens stage but may have been
earlier. .

Whether the pumiceocus, fire-fountain tuff described by Stearns
and lying directly on the Koolau s20ll at the base of the Fort Shafter
terrace, came wholly from the Kshuaull vent 1s not easy to determine.
The thicker deposits near the mouth of ¥enaikl Valley may as pleusibly
be derived from this source as any, but the Fort Shafter terrace in
various other places, as far as Halawa Valley, also carries a pumice~-
ous cinder deposit at 1ts base,and for these parts the Kahusaull source
is lesas plausible, since we do not know, with certainty, whether one
or more vents of the Salt Lake series were active as esrly as this
or nct. We are faced by the alternatives of assuming the Kshuaulil
eruption to have been very voluminous and wldespread in its deposits
{aided by stresms), or assuming that there may have beeﬁ three periods
of eruptlion of the Salt Lake vents, as recorded by tuff beds snd soclls
In the mectlon referred to. The writef‘inclines to the lastter view,
having some doubt 1f the vent at the head of Manaikl can have produced
such widespread deposits.

EAHUAULI BASALT

This besalt was erupted from the vent on the Kelihi-Fansikil
divide about 1/4 mile leeward from the main Xoolau crest. Remnants
of a vent cone of vitric cinders cover an area of somevhat over
100 acres of the top of the ridge at this point. The la%a from this
vent poured into both Kalihl and Manaiki Valleys. (Figure 27) On
the Falihi side the lava 13 shown on the north wall as thickly strewn

large black basalt blocks in & trlangular ares reaching to the axis of
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Figure 27 - Outcrop of Kahuauli basalt forming
eliff on west wall of Kalihi Valley near head.
Negative No., 21301.
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the valley, and thence the flow is exposed at various points down the
valley bottom. Evidence of the flow on the Manalkl side ié confined
to the black boulders which are scattered sparingly down the valley

in deposits of older gravel and in the modern channel, as well as in
the nearby Fort Shafter terrace. Ko one has succeeded in finding any
of the Kahuasuli basalt in place &t any point in the lower part of
manaiki Valley. X¥oreover, it cannot be assumed that such a flow may
lie in & buried valley section, since Manaikil Velley through its whole
length to within a8 few rods of the coastsl plain is at present cut. down
to 1ts rock floor at many points. There is no fill at any point which
appears to go more than 10 to 20 feet below the stream level. The
amount of Kshuauli basalt found in the gravel of various cges 1s not
large, but there must have been at least s few acres of the flow on
the Manalki side. There 1s no basls for asserting that the flow passed
far down the valley, and 1t 1s difflcult to estimate distance of
travel by roundness of boulders. In fact the 4-foot bed of boulders

in the pumiceocus tuff matrix described from the Damon Road cut, ™most
of which are melllite-nephelite basalt” according to Stearns, is found
to contain only a small fraction of Kahuaull melilite-nephelite basalt;
and conclusions concerning either elapsed time or dilstance, based on
the rounding of these boulders are subject to reconsideration (1).

(Figure 26)

(1) Op. Ccit., p. 105, 1935,

Megascopically, the Kahuaulil lava 1s a dense, black basalt with

columnar, or blocky jointing end dlsplaying conspicuous solution
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pltting and grooving where exposed. The rock also contains large
inclusions of olivine, which show various stages of weathering, as
well as large pyroxene phenocrysts. The following petrographic descrip-

tion of the Kahuaull basslt (Kslihi) is quoted from Winchell (1).

(1) The Honolulu Series, Thesis, Harvard University, pp. 49-54.

Kalihi. The Ka2lihi volcanlcs consist of flows of nepheline-
melilite basalt and some pyroclastics. The lava member contains con-
splcuous olivine nodules in angular to subangular shapes, which stand
out on the surface of the flow in places whers chemlcal weathering and
sclution of the rock by raln waster have produced lapies and similar
forms (Fig. 23)., I collected a mumber of such nodules. Most of them
have about 95 per cent olivine, a 1little magnetite, and still less
interstitiel materisl. A few contaln pyroxene and feldspar {(labra-
dorite). The contact between the (fresh) olivine grains and the sur-
rounding nepheline-melllite basalt 1s generally sharp, with no evidence
of reaction. In some csses 8 3light concentration of nepheline occurs
ground the olivine.

Besides the conspicuous ollvine nodnles, this fleow contains
rounded pellets of tuff which weather out, leaving holeg in the surface
of the flow. It also hes numerous smsall velnlike and nodular pegmatil-
told segregations. PFigure 24 1s & composlte photomlcrograph across
the boundary of such a segregation. Considerable amounts of analcime
and spatite are concentrated in these areas, especially in the inter-
stitial materlal last to crystellize., The grain size 1s multiplied
many times as compared with that of the major part of the flow. Large
greins of nepheline, melilite, asugite, and a few of olivine and magnetit
occur in the pegmatitold areas. Apstite needles several millimeters
long sre comon in them, although apstite rarely exceeds J.2 millimeter
in length in outside areas. Estimetes of the proportions of the
minerals in various parts of the Kalihl flow are given In Table VI.
Some remarkably large (4 mm) magnetite aggregations are found standing
out In relief on surfaces of the flow near where olivine nodules appear.
Unususl festures observed in many places slong Kallhi Stream are the
large calcite crystals grown through conslidersble areas of the more
porous perts of the rock. In thin sectlon these areas have =
"poikilitic" texture with calecite "olkocrysts” surrounding the usual
rock minerals, which have slightly larger grain sizes than the main
body of the rock.

-55 =
ED_006532_00005186-00098



Table VI

Percentage composition
of phases in Kalihi volcanics.

Normal Calcitlc Pegmatitoid Dunite
Hinerals flow bodies bodies nodules
W-%65 W-418 W-314,1 W-314.2

01 1vine e ® & ® & & & 8 15 T &9 10 & ® » 0o B @ 10 T ® B S B B 85
Augite {(zoned) « 1 ceee B ceviiecccccssness B
¥elilite coeeces 20 cees 20 wevnee 20 vecenaces
Pyroxene ® & 5 6 B B 50 o S 8 & 10 2 PP 099 30 [ 2N 25 BE BE S BN B BN )
Eagnetite 2008 6w 5 s e s e 3 srs 0w e 5 s svesaw 4
Hephelj—ne 3 5 8 8 & @ 30 ® B ® B 55 @ ¢ a9 ¢ B 50 % S 8 P S P EES
Analci—me ® 8 & & % &9 tr L3 B 2% 1 @ ® 2 @ OW 5 5 2 5 s P 3 O OB
Apatitﬂ LI BN 2K B B 2R 3 tr 3 @ & B tr L 2R B B B B ] 2 L B K BN B BN B B B J
Hastingelte ..c.ccvescevsscecasonse EF coveveone
Iddingsite L3R I A 2 3 ? P H 2 O B D VG FE L BRI RE RGOS YOS T E S
Calcite P 5 H B B G B & B S S e 9P 15 ® S & P 8 BT E e BT B EE OB EY
zeolite # @ ? & % T 2B S8 S D S S ®P 1 @88 B2 e PN DR EY B RSB
Labradorite cocevecscssssncscossscvocnnsasses O

. This basslt formation belng in very small volume, and possibly
not anywhere in place iIn Msnalkl Valley, 13 of no hydroclogic signi-
ficance in this area. In Ealihl Valley, it 1s Important in retsining
valley~bottom water sbove the old alluvial cep rock which lines the

valley.

SALT LAXF TUFF

In 2n earlier sectlion the age relations of the tuffs of the
Honolulu serles in this ares have been discussed. For prasctical pur-
poses the tuflf will be described as a unit. Within this classifica=-
tion 1is the upper tuff, mantling much of the surface in the Salt Laks
area, and the thin ash mantle found on the northern part of the Fort
Shafter terrace, as well as the lower lenses of tuff, including much

alluvial tuff, interbedded with the Fort Shafter gravel.
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In the mapping it has been only partly practicable to separate
the two tuffs. The lower or earlier»tnff is in some places largely
alluvisl, with scattered or more numerous pebbles of weathered Xoolau
rock Included. Even in these sections, however, there are usually some
layers which appear to be uniformly mantle~bedded, seriform ash or
tuff representing primary deposition. The chief occurrence of primary
earlier tuff 1s around the shore of Pearl Harbor in resd cuts from
Ales southward, in Moanalua Valley, and around Salt Lske, Near Alea
on the main highway, on the Red Hill rcad south of the South Helawa
bridge and inland from Salt Lake, there are outcrops in which the late
tuff lies with erosional unconformity on the weathered top of the
earlier tuff, or én 8 s0ll developed on the tuff, or on gravel over-
lying the eroded tuff. (Figures 28 and 29) In some places the tuff
1= partly élluvial, butyin others, especially along the Pearl Harbor
road from Makalaps Crater southward to Puuloa Junction the early tuff
sgems to be a primsry tuff, on which the later tuff aprears to lle
with very slight bresk. (Figure 30)

Megascoplcelly, the primary Salt Lake tuff is a fine-gralined,
compact rock which is mechenically weak and breaks into irregular
chunky blocks. It has only a moderate tendency to split slong the
stratigraphic surfaces and often fractures slternately with and across
the laminse. The chief structure by which the bedding planes can be
identified in a hand‘specimen 1s & rude alternation or variastion in
coarseness of grain due apparently to successive pulsations snd cessa-
tions of deposition of the cocarser fragments. (Figure 31) Commonly,

nelther the top nor the bottom of the coarser layers is a sharp contact

Y-
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Figure 29 - Tree molds in late Salt Lake tuff, in road
cut south of Halawa bridge. Such molds, open or filled
by petrified wood replacements, are found in various .
places in the Salt Lake area and prove that the later
eruptions came some hundreds or thousands of years after
the earlier ones. Negative No., 21379,
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Figure 30 = Contact of tuff of Salt Lake Crater on gravel which in
turn lies on Koolau basalt. Roasd cut In Moanalua Gorge. Negative
No. 12451,
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Figure 31 - Detail of broken surface of Salt Lake primary tuff in railroad
cut., Determination of top and bottom in detached blocks 1s somewhat 4iffi-
cult. A slight gradation upward to finer material, from each band of coarse
lapilli is the only criterion. Negative No, 21395, '
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the larger fragments, whether of 1/4 inch or 1 inch size, are usually
partly imbedded in and partly covered by the adjacent finer mater}al.

The coarser fragments contained in the tuff cconsist chiefly of
Koolau basalt, in various stages of weathering and with various colors,
with minor émounts of cognate basalt of the same eruption where the
size is large enough to have permitted crystsllization before cocling.
The finer gralns, chiefly below 1 millimeter, are pellets or aggregates
of vesiculer, paslagonitlized glass. The whole i1s indurated by compactic
end in the coarser sigzes the grasins are conspicuously outlined and
most of the interstitial space filled by secondary calcite.

In some layers there are pellets of aggregated ash, or what
have been cslled accretionary lapilli, fgrmed either by smaller nuclei
| falling through the sir and adding fine dust, or by rolling down the
steeper slopes and similarly adding dust. AlsoNthere are fragments of
an earller tuff, not always demonstrasbly of an earlier eruption and
posgibly in part from the same eruption. The whole mass has the
structure of a gravity breccla, with no dlscernible imbrication or
other orientatlion of the particles, except the rude layering as to size
;bove ment ioned. |

Viewed under the bilnocular microscope at low pdwers the particle:
which compose the Salt Lake tuff show a remarkable vsriety of colors
and textures, which appear to have been accentuated by the secondary
minerslization and modification whiéh probably toock place while the
deposit was hot and molst. By comparison 1t appears that the Salt
Lake tuffs heve much larger proportions of accildentsal 12pilli of Koolaun

rock and much smaller amounts of juvenile, essentinl glass, Hence,
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there has been much less palagonitizstion, and the Salt Lake tuff 1is
much le=s brown or ruddy in general sppearsnce and much more gray or
drab, due to the various tones shown by the weathered and altered

Eoolau fragments combined with the light colors of calcite and other

secondary minerals (1). As seen under the microscope, nearly every

(1) Steams, H. T', opo Cit‘, pp’ 108-111, 127“129’ 1955:

Macdonald, G. A., T. of H., Division of Hydrograsphy, Bulletin 5,
pp. 55, 1940, _

grain shows its own peculilar pattern of growth of secondary minerals
and filling of vesicles.

Where expozed to the air, the primary tuff graduslly reveals s
system of jointing; and the surface often becomes closely checked, the
rock breaking into small subspheroidel blocks or crumbs, 4 few feet
below the surface the rock is probably essentially unaltered from the
condition of induration and aecondary mineralizetion 1t assumed soon
after the eruption, It is believed that this Induration tended to
produce a sufficlently impervious mass s0 that subsequent weathering
has been relatively much less than in the mixed, secondary tuff forma-
tion laid down under alinvial and ordinary subserial conditions. In
addition, it should be recogniged that the primary tuff is consideradly
younger and lles in an area of relatively low rainfall.

Petrographic characteristics of the S2alt Lake tuffs as seen in

thin section have been described elsewhere by the writer, by Stearns,

-85~
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by Macdonald, and by Winchell (1). The latter has indicated that he

(1) Wentworth, C. XK., Pyroclastic Geology of Oghu, Bishop Museum
Bulletin 30, pp. 64-72, 101-112, 1926,

Stearns, H. T., Op. Cit., pp. 108-111, 127-129, 1935.

Macdonald, G. A., T. of H., Division eof Hydrography, Bulletin 5,
pr. 55, 1940,

Winchell, Horace, The Honolulu Series, Thesis, Harvard University
pp ® 65"‘66 3 93"95 ® ’

did not find either nepheline or melilite in his specimens of tuff.
This is in paft due to the fact that aso large a part of the'tuff of
these craters is composed.of Koolau detritus and shows sc few clear,
juvenlle pellets that might'facilitate the identification of essentlal
minerals. As Winchell-mentions, the descriptions prepared by Pegasu in
the writer's 1926 paper include labradorite and pérhaps other feldspars.
Re-examination of the same thin sections used in 1926 shows these
feldspars as present clearly enough but indicates the negligence of
the writer and of Pegau In not making clear the fact that these
‘ minerals are contained In the fragments of Koolsu rock which are abun-
dant in the.tuff. No clear occurrence of feldszpar in the glass of
Juvenile pellets was noted. On the other hesnd, these pellets, though
not abundant in this dominantly accidental, lithic tuff, do contain
both melilite and nepheline, so thst £he tuff of the Salt Lake series
1s definitely of the nepheline-melilite 885133.

This fact is further confirméd by the identification of & lava
flow of Honolulu basalt between elevations 32 feet and 1 foot above
sea level Iin Artesien Well No. 160, drilled on the northern inner

slope of Aliamsnu Crater in 1%4l1l. Thils i1s 2 melilite-nepheline baszsalt
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as reported by G. A. ¥acdonsald {1). It is overlain by Salt Lske tuff

(1) Macdonald, G. A., Op. Cit., pp. 55, 1940.

and underlain by old alluvium lying on Koocleu basalt.

Intermediate sedimentary formstions

IRTERMEDIATE ALLUVIUM

As explained above, the detrital materiael which forms a
widespread mantle over the surface of bedrock and which takes somewhsat
different forms in areas of contrasted rainfsll, i1s included as inter-
mediate alluvium when 1t 1s not clearly a part of the very early, older
alluvium and not & part of the recent flood-plain or streasm-channel
detritus. In the valleya of the many minor side channsls In the
mountain§us section, it 1s comnonly the case that in the upper portion,
just below the ridge crest there 1s a mantle rock which consists of
moist 8011 and rock detritus whiph has been moved slightly by gravity
from its original position. Because this materisl in its lower part
may be fairly old and becsuse it 1s compact, 1ll-sorted and not highly
pervious, this 1s included in the intermediate formation.

Lower down in the side channel is commonly & section where falls
and cliffs prevall and where the channel 1s ususlly cut on rock, and
there may be little detrital cover even on the side slopes. (Figure 32)
Still lower, where the channel has a reduced grade and meets the fringe

of detritsl fans, there 1s usually an iIncrease in the detrlital cover,
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Tigure 32~ Vertical panorama looking down small valley and
into Moannlua Valley, from the northwest side, two miles
inland from the golf course. Negatives No. 21250-1-2-3.
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which is better sorted than sbove and which often fills the channel

80 that no bedrock is seen until the main channel is reached. Along
the middle sections of the main channels, such as Moanaluas or Manaiki,
the types of alluvium seen, snd thelr alternation with bedrock follows
& rather systematic pattern. The maln channel usually shows a marked
meandering from side to side, In a belt 200 to 500 feet wide. In the
outer bank of each major bend, bedrock 1s commonly exposed at water
level and often continues part or all the way up the valley wall.
{(FPigure 33) As the channel swings back away from the valley wall,
but continues to bear against the projecting downstresm spur, there is
often a continuation of bedrock outerop for a short distance, but

this is overlain by weathered gravel, which forms the upper part of
the spur. In some places the bedrock 1s immediately ovarla;n by
typical older slluvium, and this in turn by intermediate gravel, with
hard, well-rounded, distinct cobbles and a somewhat looser texture.
(Flgure 34) In other places, commonly on the toe of the spur, the
1ntermediaﬁe gravel alone may be exposed.

Prom the nature of the outcrops, it appears that the older
gravel has assumed its character under conditlons which have been
stable aince the period of valley filling which immediately followed
the period of great erosion of the Koolau Range. Naturally, the zone
which has been continuously one of aggradation or of stability since
that time has been that zone from 1000 feet below smea level to a few
hundred feet above sea leyel. In the inland zone above that, srosion
has to some extent continued, since in such sreass the effect of a
chenge of sea level base would not immediately and perhaps not at all

become a factor in erosion.
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Figure 33 - Southeastern »end of !lanaiki

channel, showinp Koolau
basalt In valley wall, snd in channel, where three successlve rock

pools are developed by erogion of the irregular lava flows. The
slope inside the hend, to the left, consists of pravel fill, of
the o0ld and intermediate series. Negative MNo. 124006,
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Figure 34 - Contact of younger gravel on old deeply weathered gravel. North wall of
loanalua channel below present road end. The upper gravel is composed of sound, only
moderately weathered cobbles and boulders which form a moderately permesble mass.
The lower gravel is weathered to a soft, tightly rammed, highly impermeable mass, in
which the individual boulders are no harder than the matrix. Stream erosion cuts
this gravel to a smooth surface, truncating both boulders and matrix; only subsequent
exposure to air and wetting and drylng action by differential ravelling outlines the
boulders in relief. See Figure 24 . UNegative No. 21237,
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Hence we do not find and would not expect to find the clder
gravel or alluvium lying on bedrock surfaces at 1000 or 1500 feet
ebove present ses level., Here the detrital cover 1s Intermediate
alluvium discussed in this section. In & few places this intermedisate
formstion 1s falrly strongly cemented end moderately compact, but 1t
is s8til]l sufrficlently distinct from the older elluvium in the one
respect that its boulders sre falrly hard and sound and protrude from
an eroded outcrop and that it has not so completely expesnded and
rammed itself by weathering, as to produce & hydrologlically tight,
self-sealing mass. Locally, thils formation ranges'from feirly impervi-
ous in its more stabilized, geologlcally older parts to meoderately
pervious In the more moblle, steeper parts of the mantle in the
mountainous, This portion includes the prevailing soil, which might
be classzified as recent detritus 1f sufficlently detalled cobservation
were practicable.

In the channels of active streams, the loose bouldery and pebbly
detritus 1s classifled as recent alluvium and, if the surfsce adjacent
to the channel 1s loose-textured, bar gravel, it méy be practicable to
map i1t as recent, though many such areas may have been overlooked.
Low~level, flood-plain deposits of flne-grained alluvium have also been
mapped as recent alluvium, though Iin meny places intermediate, and
probably older slluvium may lile underneath.

Good sections of the typlcal hillslope mantle material in the
lower valleys are found in the portal excavatlons for the Halawa
project, the main portal on the north side of North Halawa, and the

tranamlssion tunnel portals on the two sides of the inter-Haslawa ridge.
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Hence we do not find and would not expect to find the older
gravel or glluvium lying on bedrock surfaces at 1000 or 1500 feet
above present sea level. Here the detrital cover 1s iIntermediate
alluviunm discussed in this section. In 8 few places this intermediate
formstion is falrly strongly cemented snd moderately compact, but 1t
is 8t111 eufficiently distinct from the clder slluvium in the one
respect that its boulders are falrly hard and sound and protrude from
an eroded outcrop and that it has nof 80 completely expanded and
ramned itself by weathering, as to produce a hydrologically tight,
.self-gsealing mass. Locally, this formation ranges‘from falrly impervi-
ous in its more stablilized, geologlically older parts to moderately
pervious in the more moblile, steeper parts of the mantle in the
mountalnous. This portion Includes the prevailing soll, which might
be classifled as recent detritus 1f sufficlently detalled observatlion
were prsacticable,

In the channels of active streams, the loose bouldery and pebbly
detritus 1s classifled as recent alluvium snd, 1f the surface adjacent
to the channel iz loose-textured, bar gravel, it mﬁy be practicable to
map 1t as recent, though many such areas may have been overlooked.
Low-~level, flood-plain deposits of fine-grained alluvium have also been
mapped as recent alluvium, though Iin many places intermediate, and
probably older alluvium may lie underneath.

Good sections of the typicéal hillslope mantle materisl in the
lower vaslleys are found in the portal excavatlions for the Halawsa
project, the main portal on the north side of North Halawa, and the

transmission tunnel portals on the two sldes of the inter-Halawa ridge.
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In each of these cuts the uprer parts are in dark, black or drab, soil
or recent slope wash with moderste emounts of ccarse blocks or beoulders.
At a falrly definite but irregular line, 5 to 10 feet below the surface,
1s the base of this matsrial and the top of a lighter colored, riore
cemented gravel or taluvium, in which the boulders are moderately
weathered, though many of the kernels afe hard. Typilcally, this
gaterial grades downward without a sharp break and seems to be much
more completely weathered where 1t lies oﬁ the weathered surface of
bedrock. In general, these sltes have probably been sites of contin-
uous deposition from the commencement of formation of the older allu-
vium, and only scattered interruptions or changes in stratligraphy are
found.

In the main portal cut, in the upper part of the bouldgry
alluvium, abdﬁt 10 feet below the basé of the drsb, recent mantle rock,
15 a lens gbout 4 feet thick which 1s composed of red-brown cinders or
ash from one of the Sazlt Lake sxplosive eruptions. Both above and
below this are bouldery layers. Farther down in the section, not over
10 feet asbove the surface of bedrock, ls another zone in which the
matrix surrounding the boulders 1s especially rich in weathered red
cinder particles. This represents an earlier eruption from one or more
of the Salt Lake vents. In the country seaward from the Halawa site,
the latest Selt Lake eruption is represented by a layer, 2 or 3 feet
thick, of porous, laminated gray ash or tuff, and the same bed is
found in the south portal to the transmission tunnel. It is not clearly
demonstreble that the upper red tuff layer in the main portal cut

corresponds to this laver.
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The intermediate alluvium is & vaatly important formetion in
the retention of rain water and the regulstion of both runoff and |
infiltration to underlying and more permesble bedrock. The total
amount of water stored at any one time Iin the mantle rock of the chief
intske areas, mostly intermediate alluvium, is certsinly very large,
perhaps of the order of 1 to 2 feet of water, or something approxi-
mating the snnual increment by infiltration, In one =mense, 1t 1is
unfortunate that despite its retentlion of this amount of water, the
intermediate alluvium 1s neither permeable enough, nor porous enough
to vield water into wells or tunnels in guantities significant for
municlipal use, There are many places in the mountains where a few
feet of digging wonld yield 100 to 1000 gailons a day at most seasons
of the year, enough for & small camp, but development from slluvium
of quantities justifying even small pipe lines 1s not possible. ©On
the other hand, the reliabilité of our deep bsssl supply 1s rether
intimately protected by the very fact that the Intermediate slluvium
and the relsted subjacent weathered surface of bedrock is sufficiently
low in permeabllity to prevent depleting its content of stored water
by artificisl development. Much as we might like at ceftain times and
in some places to take water from this source, it 1is ju=t as well that

we cannot effectively do so.

THE FORT SHAFTER TERRACE FORMATION
Along the margin of the Kooleau spurs west of Kelihi, under the
Fort Shafter grounds and in remnants westward to Halawa Valley, & com-

plex gravel and tuff formation has accumulated by grading to a sea
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level probably sbout 80 to 100 feet higher than at present (1). The

(1) Thie is the Kaena Terrsce of Stearns.

tentative ‘dating of this terrace formation rests on the grading of
thie terrace to one of the sea-level stands recognized by Stearns.
There is no evidence to indicate that a terrasce at this height
was ever bullt along much of the Honolulu shore, and the same is true
of the western Pearl Harbor shore. It 1s not likely that if such
terraces had been bullt they would have been wholly cut eway; hence it
appeafa that some apecisl reason may have existed for the formation of
such a terrace in this position. The most probable cause is the
obstruction which developed éff the shore between EKallhi and Alea when
the first eruptions of the Salt Lake craters took place., (Figure 35)
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from Alea., Negative No, 21507,
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GEOLOGIC SECTION EXPOSED IN DAMON ROAD CUT

]

5

{ TABLE QUOTED FROM H. T. STEARNS

; ; A1 ETtude of | FINDS AND COMMENTS

‘ Description Thickness Top of Bed BY PRESENT AUTHOR

j (feet) (feet)

Reddish-brown soil. 1 90

Thin-bedded 1ithic Salt Lake tuff, 4 B9 Possibly from Salt Lake elone, bul

{ equally likely all vents of

group were actlve,

gFine, brown soil. 5 85

;

Brown, lenticular pebbly conglomerate. 2 80

Well-rounded boulders, most of which Cerries scattered nepheline- ’

§ are melilite-nephellite basalt con- melilite basalt boulders but no

i tailning olivine segregations ce- 4 78 more abundant than lower beds.
mented in a matrix of reworked 11 mamples taken at random were
black vitric~lithic tuff, possibly all Koolau basalt,
deposited as s mud flow.

Coarse boulder conglomerate. No 15 74 Carries scattered nepheline-
nepheline bsaaslt boulders noted. melilite basalt boulders.

Brown sandy silt, possibly a soil, B 59 !

Stratified water-laild flne pumiceous Contains scattered nepheline-
fire-fountain deposit containing a 10 58.5 | melilite basalt cobbles as low
few waterworn pebbles of Koolau i as other cobbles go.
baﬂ&lto i . %

‘:, 1’

Red residual soil. 2.5 48.5 ; :

Weathered Koolau aa basalt, 5 4 46 f

- 1 ;
49 4 i 2
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The presence of cobbles of the Kshuaulil basalt in the lowest
parts of the Fort Shafter formatlion indicate that thils leva flow which
passed down Kalihi Valley in quantity and possibly slso came down
Manalki Valley was placed prior to.building of the terrace. Hence, we
can properly assume that considerable blocking of outlet resulted from
the deposition of the apron of Kahuaull basalt at the ﬁouth of Kalihl
Valley on the east and from formation of the several members of the
Sslt Lake group of craters on the west, There was probably also
deposition of considerable amounts of easily transported ssh over
large areas of the mountainous country. This ash was quickly washed
off to aggrade the lower valley mouths and contrlibute to the terrace
bullt in the choked, offshore bay of Nanaslki end Moanslus Valleys on
the east, and Helawa Valley on the west.

The lower part of the Fort Shafter formation in many areas
consists largely of volcanlc ash, deposited subaguecusly either by
streams or in the ghallow sea. Higher up, the formation becomes more
gravelly and carries layers of boulders up to 3 or 4 feet In diameter
near the chief channels., The remnants of thé terrasce now preserved
are also capped at the top by from a few inches to se?gral feet of
Salt Lake tnff or slightly cemented black ash of the last eruption, the
thickness depending on the distance and direction from the Salt Lake
ventsa. |

Like most gravel formations close to mountainous =mource areas,
the section of the Fort Shafter series 1a variable, with bouldery
layers glving way irregularly to finer-grained, more largely tuffaceous

layers. Some parts of this formation have been alluded to as consisting
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of mud flows {1). It is likely that small mud flows took place during

(1) sStearns, H. T., Op. Cit. p. 19, 105, 1935,

the period when excessive ash deposits were being eroded from inland
alopes following explosive eruptions, Just as occasional scll avalanche:
produce mud-flow deposita todey, but the writer does not agree with
Stearns in hils apparent bellef that the mud flow has been a significant

egent in the transportation of large boulders (2). The particular

(2) Op. Cit., p. 105, lines 12 and 13, 1935,

"nepheline boulder conglomerate™ referred to by Stearns has already
been shown to be misnamed, since of samples taken at random from

11 prominent boulders, every one 1ls of Koolau basalt and none aré of
Honolulu baselt. Such a2 conglomerate, which shows rather striking
dominance of rounded and rather well-sorted boulders, does not at all
Justify interpretation ss possibly due to mud flow, and appears to
have no more and no less a proportion of Kahuaulil basalt than the
whole terrace series hers.

The most important consequence of the bullding of the Fort
Shafter terrace was the fixing of the present dralnage pattern of
astreams from Kalihl to Alea. Moanalus Stresm was forced southward to
join the lower course of ¥analkl Stream, the several branches of
Kahaulkl were merged on the terrace and now reach the s ea through one
channel, and the two branches of Halawa were merged in the course of
being forced northward by the bullding of the Salt Lske creters and

the forming of the terrace. Thus, the waters of at least seven valléys
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are now merged in three outlets, Kahaulki, Moanslua, and Halawa, =
process of integration which 1s the normal course of stream evolution,

but which hag been sccelerated in this area,

INTERMEDIATE ¥ARINE FORMATIONS

Considerable smounts of both pyroclastiec material and gravel
and silt derived from the land were deposited in the sea offshore
from the Moanalua-Halawa area during the period of growth of the Fort
Shafter terrace, forming a submarine extension of that terrace. Much
of thils debris was lald on a foundetlon of reef, partly below and
partly above present mea level., There 1s considerasble evidence, cited
by Stearns, to show that the later Salt Leke tuff was deposited during
a period of lowered sea level, known as the Waipio stage, which fol-
lowed the Kaena stage when the Fort Shafter terrace was formed {1).

(1) Op. Cit., pp. 127-128, 1935.

It also appesars clear that the deposits of Waimenalo time, when the
sea stood about 25 feet above the present, were laid down after the
letest eruption of the Salt Lake craters.

Certain of the limestone reefs are seen definitely to lie under
the late Salt Lake tuff, and others are clearly later. Very little 1is

known of these reef formations other than the dats from drill holes.
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At the top 1s usually a layer of bright or dark red, fully
pulverized lateritic soll. This layer has lost all structural evi-
dence of 1its derivation from lave flows and shows no vesicles, or
Jointing, or other structure that iz s relic from the lava flows,
Instead, this layer, if 1t has any structure at all, often has a
lumpy or irregular columnar structure due to drying after being wet,
or 1t may display amall slip surfaces due to its being heaved and
rearranged under the pressure of wetting or the weight of overlying
beds.

In a few places where the soll has apparently been hot and dry
for a long time the process of chemlcal chenge has proceeded farther,
and thin caps of & materisl still more highly ferruzinous than the
soll have been produced. This materisl 1s a low grade hematite and
may contain as much a% 50 percent of metallic iron, whereas the residual
soll generally runs ffom 20 to 30% iron oxides and not over about
15 to 20% metallic iron. Such deposits, however, are very limited in
sxtent.

The layer of red, structureless residuum is from & few inches
to as much as 20 or 30 feet thick. If material as completely weath-
ered as this is thicker, in some Instances e hundred or more feet,
it usually displays some distinction between the several lava flows
of which 1t is composed and in the deeper part will display vesicles
and other structural rellics of the flows. The layer of red residuum
-not uncommonly contains kernels of sound, unweathered basalt, surrounded
by a few inches to several feet of progressively weathered shells in

spheroldal configuration.
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The next layer downward is one in which the kernels dominate
with the surrounding shells making a continuous structure. This type
of structure with conspicuously large kernels 1s more charééteristic
of the weathering of thick aailava flows. The most weathered materisl,
along the lines of the inter-kernel cracks, is commonly soft, red
earthy material comparable %o the surface layer. From these cracks,
radially inward toward the core, and acrosa the seversl shells, the
color changes progressively from red to falnter pinks, grays, gray-
purples, yellows, with much individual varlety. The shells are suf-
ficiently strong not to crush between the fingeps but can easily be
carved with a knife, and larger slabs are easily brocken with the hands.
Toward the core the shell slabs may become gray, moderately sound rock.

In some sorts of lava flows, the cores shell off so as to
expose hérd, dense, black or dark gray rock with very.little weath-
ering. In othere, the kernels are somewhat more weathered on the ocut-
side and may be westhered tc the center. The exact relation betwsen
the composition of the rock, its physical constitution, snd the imme-
diate local condition of moisture and weathering which causes very
great variety in the course of chemical and physical weathering from
flow to flow and place to place is not known and would probably prove
to be very difficult to define,

In many places, probably mostly in pshoehoe flows, the lava
flows do not weather to develop cores or & notable spheroidsl struc-
ture but instead seex to become softened throughout to a chalky con-
stitution which tends on close exposure to the air to break up into
small blocks about one inech or less In dlameter, In certain situs-

tlons on the eroding edges of rldges, the bare surface shows the
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weathered rock intimately divided into such blocks, which are gray
inside and red or pink along the Jjoints which bound them. The detritus
which ravels from such a surface 1is wholly composed of these chunky,
subspheroidally-rounded crumbs of weathered rock., Or, the shell parts
of a spheroldally weathered terrane may ravel in this way, leaving
occaslional spheroidal cores perched as residuals above the general
surface, (Pigure 36)

The important factors in the formation of a residual cover are
the weathering and chemical modificatlion, and the thick accurmulation
of the modified matefial. In situations where the weathered and
expanded material falls or 1s eroded away as soon ag 1t is formed, no
residual formastion of significance 1s produced. In places where the
residual material 1s no more than 5 or 10 feet thick and 1s loose and
free to heave, the blanket may not develop any great imperviocusness.
But on fairly large areas of land of not too great = slope, such as
the surfaces of some of the flow-slope facets, where the residual
material liles 25 to 100 or more feet thick, the larger part of it is
under sufficient lced so that the expansion which accompanies con-
tinued.weathering produces high pressures and rams and tightens the
material without greatly displacing 1t snd thus produces an effective
seal or barrier to the movement of water,

The most conspicuous and readily observed parts of the Roolau
residuum are those on the several flow-slope facets. Here the higher
and more contlinuous areas which approximete the original surface of
the flows are often underlain by 20, 30, or more feet of deep, red,

scll-like residuum which only toward the bottom gives way to gray
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There are many intermediste conditions, end the wrlter does not mean
to imply that there 1s no red scil at all inland from the facet apex.
Beneath the more completely westhered soil layer which is
comnonly present under the rounded tops of knobs and more cormonly
absent from the crests of the saddle parts of ridges, 1s a zone of
weathered rock comparable to that below the structureless material in
the facet aress. This 1s the fairly soft rock in place, exhibiting
the characteristic structures of the lava flows, which is commonly
seen in the cuttings for tralls built on Oszhu by the C. C. C. from
1934 to 1936, In the mountainous sections, where primitive tralls
mostly followed the actual crest of the narrow ridge, these recent,
so-called "sidewalk" trails have been cubt on a more uniform grade
around the sides of the knobs and often at about the level of the
lower saddles. A very large part of the totéi length has been cut in -
soft-weathered bedrock in place, having slope angles of 45° to 659,
Hence trails of 3 or 4 feet wide on the tread have & clean-cut
exposure cf the bedrock of 3 to € feet or more in height on the insglde.
The nature of the weathered rock 1s indicsted by the fect thst
tool marks are still visible In many places and that the trails were
dug wholly without use of explosive or power tools. Only rarely have
hard rock cores more than a foot In dlameter been encountered and in
most places the digging has not only been of the pick and shovel sort,
but both the sides and tread of the trall have been neatly shaved to
the deslired shape. Locally, slides have destroyed short sections of
the tralls, but for the most part, since the trails were cut chiefly
into the rock, no sliding has occurred. It is evident that had traills

been cut in slopes underlein by Intermediate alluvium, more normally
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subject to sliding, there would have been a larger proportion of
destruction.

On leaving the crests of these ridges and traversing down the
lateral gullies where ountcrops are more abundant, it 1s most common
to pass 100 feet or more down the slope before rock in place 1s szeen,
and often 200 feeﬁ or more before rock sound enough for thin sectlons
i1s seen. Since there is some weatheripg from the sides, this does
not mean that the sound rock lies 200 feet vertlcslly under the crest
of the ridge. It 1s more iikely that the weathered rock forms a sort
of perched cap, thicker at the top but overlapping down the sldes to
a point where erosion keeps pace with weathering in the channels.
{Pigure 37) This weathered rock presents s complete range from
8lightly weathered Xoolsu rock, through deeply weathered rock to
structureless residuum. Hydrologilcally, much of the weathered Koolau
rock should be considered as belonging to the residual formation,
desplte the possibility that petrographers might draw the line i1n some
intermediate position.

The small width of the ridge cap of residumm, both in 1ts
effect on erosional removal and also in preventing the development of
deep-load pressures, probably determlnes that these particular occur-
rences of residuum do not become so tightly rammed snd are not as a
whole so impervious as the larger facet blenkets. ©On the other hand,
aince they are of smaller size they may almost as effectively divert
rain water off the few flatter #sreass and down the steeper chennels
whence at least the more torrential rainfall passes down to valley-
bottom areas of cap rock. Quallitatively, the ridge-top residuum plus

the Intermediate alluvium or taluvium of most of the steeper slopes,
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work together to pass a great share of the rain water more rapldly
off the slopes than would be the case with bare, unweathered rock.
On the other hand, both these formatlions retain much water and regu-
late stream flow for long perliods after ralns.

The field measurement of permeablility in masses of some tens
| or hundreds of feet in extent has not appeared practicable; even 1f
1t were, its interpretation in terms of actual infiltration would be
difficult. Elsewhere, the writer has urged in particular an Inventory
study in hydrology, using the smeall area probably tributary to the
Manoa Tunnel No. 3, where at least some information can also be had
concerning the water reaching the subjacent perched and restrained
water body. Lacking such s study, 1t 1s impossible to make definitive
numerical statements concerning the individual formations, however

clear the relative hydrologic qualities may bé.

FCLIAN, TALUVIAL AND COLLUVIAL FORNATIONS

Small areas of eolian silt and eollan lag crumbs up to 2- or
S~-millimeter slizes can be ssen on nearly all the upper flow-slope
facets at eroded edges. The eollian formation is usuaslly but a few
inches, occasionzlly 1 to 2 feet thick, and lies on the residual soil.
Limited extent and thickness, as well as position on the top of thlck
residuum mean that the eolian materials, while of systematlic interest
to the student, are of negligible hydrologic importance. These
deposits are mostly adjacent to growlng erosion scars, of recent ahd
concurrent growth, which may now be somewhat lerger than they formerly
were and which are supposed by many to have been started by grazing,

trall cutting, or some other activity connected wilth modern human
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activity. The writer dissents in large measure from this view,
belleving that breaks in the soll cover through slides, deflatlon
from exposed points and the like are more largely normal processes
in 8 rugped country than is commonly recognized.

The processes of creep, sliding, colluvial transport and the
like, which operate on steep slopes continue at present, and a part
of the general cover of mantle rock should be Included in recent
sedimentary formationé (Figure 38) However, in the mountainous ares,
separate mapping or even descrimlnation in ssction between the recent
and the intermediaste taluvial and colluvial materials 1s impracticable.
Hydrologically there 1s no important break between them; the upper and
younger parts of the mantle are more mobile and more porcus and the
older and lower parts less so, but no satisfactory distinction has

been formulated, much less applied.

RECENT ALLUVIUN

Two types of recent alluvium have been ldentiflied in mapping
tkis area. One of these is the channel gravel and nearby bar gravel
in the lower gradlent parts of the chief channels. (Figure 39)
This gravel conslsts of loose, falrly well sorted, somewhat rounded
fragments which renge from pebbles of 1/4~1hch slze to boulders 3 or
4 feet in dilameter. (Flgure 40) In some places a fraction of the
deposit consists of hard, unweathered basslt, especlslly larger
boulders of dike columns and selected resistant flow basalt, and much
of the rest 1s material from which a reasonably sound hand specimen
can be teken. But in others and more generslly, the larger boulders

are somewhsat weathered on the ocutside, and much of the finer material

S = 5 .
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Figure 38 -~ So0il avalanche scars on north slopes of Moanalua
Valley near head. These slips take place on slopes of 40 to 55
degrees and usually follow very heavy, local rains. They appear
to be normal process by which the general steepness of slopes 1is
maintained and determined and which 1s an important factor in the
spread of invading types of vegetation., Negative No. 21224,
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Figure 39 =~ Panorama of South Ealawa channel. To the right is upstream. Recent
gravel is in the channel and on the near bank. On the far bank, center is weathered
{oolau bedrock of a syur from the north side. 014 and intermediate gravel overlies
the bedrock. At the left the channel reaches bedrock of the south valley wall and
turns around the end of the above-mentioned spur. Negatives No. 21343-4-5-5-7.
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i1s sufficiently soft that it tends to pulverize rather than shatter
under the harmer. Well-graded gravel which would give a gocd rattler
test to highway‘specificafions 1s practically non-existent in Hawail
stream channels or deposits and 1s rare on Hawaliien beaches. It 1s
probable that some aress or lenses of recent gravel have been missed,
but in general such materials so burled as to be obscure, are also
sufficlently weathered as not to quallfy under this hesding.

The other type of recent alluvium 1s the most recent cover on
low coastasl or stream-bottom areas which 1s identified largely by its
topographic situatlion and non-indurated character. This layer 1s
often somewhat sharply distingulished from older rocks underneath and
may lie on an eroded surface, or on the solution-etched surface of a
coral reef. This material is of relatively slight importence from the
‘standpoint of developable water supply because of 1ts shallow character
and the fact that large underground water bodies cCo not occur in this

‘ valley bottom relatlionchip in Hawall,

RECENT MARINE FORMATIONS

Formation of sediments in offshore water goes on at present as
in the recent past. However, éxcept for the shore deposits of beach
sand and gravel which are seen along parts of thevcoast, and the very
few places where a thin veneer of growing reef organisms is found,
1ittle is known of them. Studies by Edmondson and others indicate in
fact that the growth cf coral 1s relatively feeble off Hawalian coasts
today, and riost reef aress show more évidence of abrasion or of mantl-
ing and burial by calcareous or lsnd-derived detritus than of effective

growth,
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A far more important process at present 1s the modification of
the coast lines and extension of artificlal rill in & seaward dirsction
in connection with various civil and military projects. It would be
incorrect to imply that this process 1s quantitatively'large by com-
parison to the area or volume of the island, but 1t involves suffici-
ently large aress to be significant with reference to water utilization.
The combinetion of extensive filling of cosstal flats with materisal
meking a relatively permeable mass, together with concurrent draining
of such low areas, tends to produce sn artificlal desert terrsin.
Pollowing the veneering of parts of such areas with top =oll and
planting of trees and érass, water for irrigstion is used in conslidersable
amounts. It is pertinent slso that much of the area not plsnted to
grase is covered by bulldings and pavement and hence allows little
natursl ground-water recharge locally. The result is s wholly artil-
ficlal hydrologic eondition, the long-term result of whichi s not
entlrely clear, but is not 11kely to be beneficisl. This pattern is
true of much of the seaward margin of Honolulu and will hold in aress
modified by sn increasing number of clvil and military projects.
Detailed areal discusslion of these projects 1s nelther practicable nor

desirable at this time.

DIAMORD DRILLING AND OTHEE TEST HOLES

ARTESIAN WFLLS
A total of 531 srteslesn wells has been drilled in the Moanalus-

Halawa district. Some sort of log 1s avallable for only 18 of these (1).

(1) Stearns, H. T. and Veksvik, ¥. N., T. of H. Div. of Bydrography,
Bulletin 4, pp. 119-131, 1938.

%gzgrns, H. T., T. of B., Division of Hydrography, Bull. 5, p. 55
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Avallable hydrologic data on these wells 1= tabulated In another
section of this report. It iz unfortunate that the drilling of these
artesisn wells 1s dcne by churn-drill methods which do not yleld at
the best very satlafactory samples and also that iIn the majority of
cases Inadequate care and attention was given to making and keeping =
complete record of formations penetrated. Fspecially in view of the
misunderstanding of Hawallan water-ylelding structures by many drillers
of mainland experience, as shown especially by the curiously perverse
practice continuing to this déy, of drilling in the middle of valleys,
both drillers and owners would have profited greatly by a more
systematic and intelligent approach to this problem. A number cof
wells In thls area, particularly Nos. 183, 194, 195, 196, and 1987 were
drilled in valleys to depths of seversl hundred feet through non-
yielding valley-filling cap rock, when permeable water-yilelding forma-
titns were readily accessible & few score of feet to one side in the
valley wall and only a few feet below the valley -floor.

The chief data avallable from the wells for which records are
avallable are summarized in Figure 41, These wells show that the
base of the sedimentary cap rock and the top of the Koolau lava forma-
tion declines from sea level, mslong a line approximsting the inner
shore line of the several lochs of Pearl Harbor, to 750 feet below
sea level along a line which passes through the tip of the Waipic
Peninsula. The slope of this surface appears to range from about
250 feet to the mile to as steep as 400 feet to the mile. These values
correspond too closely to the rates shown by the existing subserisl
facets and the restored contours of the original dome to justify any

deductions concerning modificatlion of the original surface by erosion.
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ARTESIAN WELLS AND STRUCTURE - PEARL MARBOR AREA

| | | | 1

Firure 41 - lap showing Jocations and derths of artesisn we’ls in the TFearl Horbor srea., For
each well the urper fipure is the number in the new syvstem, the middle fipure 1is the depth
measured from sea level to the top of the Koolau rock snd the lower firure is the total depth
helow sra level., “The data are swmarized by the contours showing josition of the surface of
Koolau rock both below -nd above sen Jevel, The limited cdata sugrecst 2 nearly uniform slope
which nowhere departs rreatlv from 250 feet per mile except on the eastern side where the
over-all slope is near 500 feet to the nile. Dnta are insufficlent to define 2 cliff or '
berch in anv prarticenlar position,
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A few irregularities in the depths to Koclau rock are found, but the
mmber of adequate records is insufficlent in any one place to permit
the valid contouring of cut valleys or benches, and the general envelope
of submarine slopes shown by the generallzed contours is all the
Interpretation that seems justified by the data. Moreover, while
there probably were s few asmall canyons cut below present sea level in
the mouths of some of the streams around the Pesarl Harbor area, these
valley flats are not at present sufflclently wide, nor of sufficient
inland length to allow for deep valley cuttings comparable to those

of the valleys from Xalihl eastward. From these facts and because 1t
is obvious that in the Pearl Harbor bight, deposition has dominated
ovef ercsion, it 1s reasonable to conclude that no very deep valleys
ever were cut in the several stream courses entering Péarl Harbor
today. The ﬁroblﬁm of whether this difference in the development of
the Pearl Harbor family of streams i1s due wholly to thelr convergence
In the Pesrl Harbor or if it may be due to d ifferences In age of the

latest lavas flows has been dlscussed elsewhere,

TEST HOLES

Three test holes have been drilled by the Board of Water Supply
in locations in or very near the Moanalua-Halawa district, Hole No. 19,
drllled in April, 1935, 1s located not over 50 feet eastward of the
Kal ihl-Kahauilkl boundary and was drilled wholly in Kooléu rock from
an elevation of 188 feet to some 77 feet below séa level., This hole
was used ss s test hole to Indicate the character of rock and the
behavior of basal water prior to the construction of the XKalihi Uncier-

ground Shaft in 1936. MYeasurements of the baszl water have recently

BT -
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been resumed in this hole as a datum for observation on the basal
water of the ¥Moanalua-Halawa area after the completion and commence-
ment of water developmen% from projects now building in this aresa.
The cores for Hole No. 19 are preserved In this 1aborat6ry, and the

log of the hole has been put on record in the Kalihi Report (1).

(1) pp. 55-58.

Hole No. 42, located st a point about 0.95 mile inland from
the Moanalua Golf Course gate on the main road, on the east side of
Moanaluas Valley, was drilled in 1941. This hole is near the upper
edge of the valley-side talus, within 10 feet of the lowest exposed
bedrock and was drilled from the elevation of 175 feet by means of a
4-inch churn drill. It is wholly in Eoolau rock, and no specimens
were preserved. The bottom is a few feet below sea level. Water
measurements have been made twlice weekly aince April, 1942.

Hole No. 43 was drilled on the west side of Mosnalua Valley
and was completed early In August, 1942. Water table elevations are
now being measured in it twlce weekly, snd st present are being
recorded as approximstely 0.75 foot lower than in Hole %Wo. 42 on the
east side of the valley.

A six-inch exploration hole, drilled by churn drill for
Chester Clarke, on the west slde of South Helawa Valley sbout a half
rille east from the tip of the spur between the Halawa Valleys, has
served as an Indicator of the elevatlon of bassal water in this spur.
Ho log or samples from the hole have been studied, but it 1s known to

be whollj in Koolau rock.

w838
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A dlamond core drif?i?is drilled in a small branch of Ales

Stresm valley, from elevation Z17 feet, at a point about 3/4 mile,
¥ 70°E from Aiea Poat Office, for Honolulu Plantation Company. This
hole i1s wholly in Koolau basalt and was used as sn exploraticn for
the water development shaft now being excavated by that company at a
point a half mile northwegt in the next asmall valley. Water measure-
ments have been made weekly or oftener slnce August, 1941, in this
hole. Results of measurements in the four holes, Kalihil (No. 19},
Moanalua (No. 42), Halawa and Ales are tabulated in a following |
~ sectlon.

| A considerable footage of diamond drilling was done in the Red
Hi1l1l rldge in connection with the underground fuel storage project of
the U, S. Navy. Cores for a part of this drilling were turned over
for preservafion by this office by courtesy of the Navy, and these
have been studied, chiefly to determine the proportion of sa to pahoehoe
flows., The formation is wholly Koolau rock, snd both the holes and
the excavatlons themselves conflrm what has previously been known
about this formation. ‘ ' z

The writer has had opportunity from time to time to see various

excavations made in connection with defense projects and has profited
from observations thus made possible. It 1s nelther pertinent nor

wise a2t thils time to enumerate nor describe such excevations.

PHYSICAL PROPERTIRES OF ROCK FORMATIONS

No new data on rock formatiocns have been measured in the course

i
i

of exsmining the Moanalua-Halawa district. General conclusions con-

cerning the high permeabllity of the Foolau rock and the low permeability:

b
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of the cap-rock complex and the Honolulu tuffs ars supported by the
behavior of water in this distriect. It has been apparent for many
years that the artesiasn wells 1n the Pearl Harbor area have a more
repld response to wet and dry seasons and to high and low draft than
1s the case with the wells snd basal water in the Honolulu area. This
fact, coupled with the faset that about three times as much water
probably moves through each mile of the Pearl Harbor shore-line zone,
es passes sach mile of the Honolulu shore line, indicates either greate:
gspecific permeability or shorter distances and larger exceptional
openings. Since nothing in the surface outecrops or other structural
features 1s known, which would suggest a materlal difference in gsnersal
formational permeabllity between the two areas, it seemsAmore likely
that the difference in the rate of response is due to the more broken
charaéter of the cap rock and the presence of large known and probably
other unknown springs in the several branches of Pearl Harbor. Various
aspects of thils hydraulic problem will be discussed elsewhere.

Observation of many hundreds of feet of tunnel and other
excavations in the Red Hill area by various persons has led to the
remark that 1t 1s strange, in view of the high rainfall of parts of
Hawail, that so little water 1s seen In such tunnels. It is true that
in these tunnels the greater part of the walls, roof and floor 1is
entirely dry; only rarely and locally is an occasionel small seepage
of water seen.

The following memorandum, prepared by the writer and guoted

here, is offered as an ezplanation:
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of the cap-rock complex and the Honolulu tuffs are supported by the
behavior of water in this district. It has been apparent for many
vyears that the artesian wells in the Pearl Harbor areas have a more
rapid response to wet and dry seasons and to high and low draft than
1s the case wlth the wslls snd basal water in the Honolulu area. This
fact, coupled with the fact that about three times as much water
probably moves through each mile of the Pearl Harbor shore-line zone,
a3 passes each mile of the Honolulu shore line, indicates either greater
gpecific permeability or shorter distances and larger exceptional
openings. Since nothling in the surface outcrops or other structural
features 1s known, which would sugzest a materiasl difference in general
formational permeabllity between the two areas, it seems'more likely
that the difference in the rate of response is dug to the more broken
charscter of the cap rock and the presence of large known and probably
other unknown springs in the seversal branches of Pearl Harbor. Varlous
aspects of thils hydraulic problem wlll be discussed elsewhere.

Observation of many hundreds of feet of tunnel and other
excavations in the Red Hill area by varlous persons has led to the
remark that 1t i1s strange, in view of the high reinfall of parts of
Hawall, that so little water is seen in such tunnels., It is true that
in these tunnels the greater part of the walls, roof snd floor is
entirely dry; only rarely and locally 1s sn occasionsl small seepage
of water seen.

The following memorandum, prepared by the writer and quoted

here, 1s offered as an explanation:
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¥emorandum on Amounts of Percolating Weter iIn Tunnels:

Surprise is often expressed that tunnels of various sorts driven
in volecanic rocks of Hawsill above the local water table encounter such
small emounts of percolating water and are often dry for long distances.

A little calculation will show why this is so. Given a dis-
trict of say 100 inches of rainfall annually, with an infiltration of
25 per cent. Over the ares of a tunnel section 10 feet wide and 100
feet long, the infiltrated water would amount to about 2,080 cublc
feet, 15,600 gallons annuslly, or approxlmately 42 gallons a day.
This would be a gsllon about every 34 minutes, or a teacupful every
two minutes.

A seep carrying so little water would be practicslly unnoticed
in most rough tunnel walls, and many sections of 100 fest of tunnel
carrying 50 to 100 times this emount would still seem relatively dry.

The fact, of course, is that something of the order of 1 to
5 feet of water annually 1s the total Infiltrated water over any unit
area and this amounts to not over 3/16 inch per day, and little over
0.0001 inch per minute. Obviously, such an amount of water passing
through the fissured rock is inesppreclable unless it is enormously
concentrated in certain routes.

This genersl condition explains why the direct development of
non-concentrated percolating water is wholly impracticable and why
wildcat"” tunnels Just driven into the rock at random, perhasps mis=-
led by water trickling on the surface, are generally wholly unsuc-
cessful., In a tunnel ylelding 1,000 gallons per dsy per foot of
tunnel, the concentration 1s of the order of 2,000 to 1 {(a common
condition for good dike complex tunnels) and in a basal tunnel of
1,000 feet in length, yielding 20 ¥.G.D., the concentration will
approximate 40,000 to 1.

Chester K., Wentworth
October 6, 1941 Senior Geologist

The several weter-development projects now under construction
in thls area will, when brought under operation, give much additional
Information on the general permeability of the rock of the aguifer
near sea level.

There 13 reason to belleve that the Koolsu rock of the several

spurs near thelr seaward ends asnd at elevations up to 500 feet above

e
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sea level consists of somewhat thicker lavas flows than the average
flows in the seaward parts of the Koolau Range, a condition which in
part has lead to the opening of a number of quarrises Iin thils ares.
These flows are thick aa flows wilth conspicuous elinker layers, but

we have as yet no Indicatlon that the greater thickness of the flows
ekerts any specific influence on the hydrologlc character of the mass
as a whole at sea level. Experlence In excavating the water develop-
ment tunnel of the Red Hill project for the U. 8. Navy, now in progress
appears locelly to modify the general atatements made above. In this
tunnel rock much less permeable than the usual Koolau rock has been
encountered, and excavation procedures ﬁecessarily modified. It is
too early to say what results wlll be, and no specific explanation of
the low permeabllity of the rock cen be made on the baéis of avallable

geologic data (1)..

(1) Based on a visit to the project and on conversation with
B. F. Rush and H. T. Stearns.

GROUND-WATER RESQOURCES
Rainfsll

The rainfall of the Moanalua-Halawa district is less accurately
known than that of the Honolulu area to the eastward, Including
Kalihi, Nuuanu, Manoa, and Palolo. This 1s because the Honolulu area
from Palolo to Kalihi, incluslve, has been the subject of somewhat

detalled rainfall measurements, not only for many years through the
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interest of a few old-time residents of the growing cilty of Honolulu,
but also since the establishment of the Board of Water Supply and the
initiation of verious water supply Investigations by Frederick Ohrt
and J., FP. Eunesh, shortly after 1925, At the time these studies of
the Honolulu area were commenced and various raingeges were set up,
1t was not contemplated that iInterests of the Board of Water Supply
would soon reach outside the Fonolulu district: and because of the
1imited growth of the city west of Kalihl, even the area of Moanalua
within the BHonolulu district was not iInecluded in the area of more
intensive rainfall study.

As a consequence, the area west of Kalihi for =ome miles,
though it has & number of shore zone rainfell stations and records,
1s even more deficlent in stations in the high-level, mountainous
portion than much of the rest of rursl Oshu. In the valleys of South
and North Halawa, Kalauao, Walmalu and Waimano, there'is cnly one
Inland record, that of Station llé of the Ilenning Board list, which
was kept for 8 years at the elevation of 1250 feet 1n Walmalun Valley.
This is the only record in an area of about 20 square miles and '
unfortunately does not permlt a very eccurate contouring of mean snnual
rainfall or an esﬁimate of total rainfall smounts which 1s as accurate
a3 1s desirsble. Whereas in the Honolulu area it 1s belleved that
total reinfall quantities can probably be calculated within less than
5% of the true smount, 1t 1s believed that any estimate we are able
to make for the Moanaslua-Halawa aresa may be in error by as much as
12 to 15%, owing to possible errors of as much as 20% or more in
estimating the position and amount of rainfsll in the zone of maximum

rainfall.
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As far as the records go, the rainfall of this area ranges from
a_minimum of less than 20 inches alongz the outer shore of the Puuloa
afea to 8 maximumm of posslibly as high as 180 inches on the northwestern
,ﬁargin of the district about a mile ieeward of the crest of the range.
It 1s falrly well established that the mesn snnual rainfall reaches
nearly 40 inches along the margin of the range spurs and thence
increases somewhat regulgrly to upward of 150 inches within the next
3 miles, Neither in this district nor elsewhere on Oshu have gages
been closely enough spaced to show a systematib difference between
ridge top and valley bottom or side at any given distance from the
range margin or crest, though it 1s probable that there are such
differences.

From the gensrsl findings 1n the Honolulu area, based on a
number of reingages on the crest of the range, as well as in the lee-
ward slope, it 1s evident that the mean annual rainfall 1s reduced
rapidly from the maximum toward the crest. (Flgure 42) In this
area, from the generallized contouring'permittad by'the few statlions,
the amount at the crest may be as low as 130 inches, though we can
have l1ilttle confldence in this estimate to closer than perhaps \
30 inches.

In order to lay the basis for fﬁture estimates which will be
more accurate than we can offer here, two new raingages have been
establlished in upper.Halawa basin, one on a ridge and one in a valley

bottom &s described below.
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¥emorandum on Raingages in Halawa: (June 6, 1942)

Two new raingages have been installed by the Board of Water
Supply, Division of Geology, in the mauka portion of Halawa, Iin san
effort to supply data on rainfall in the higher watershed area between
Kalihl and Kipapsa.

The gages are of the variety where 1" of rainfall shows " in
the container and will record up to 48" of rein in units of 0.2", or
estimation to 0.1%". They will be resd approximately once a month for
the present.

The first, to be known as Puu Xalwlpoo, 1s located on the
ridgecrest between North Halawzs and Kalauao, sbout 500 feet southwest
of the named peak Kaiwipoo, on a slight shoulder at 2225 feet. This
point is about 3700 feet southwest of the nearest part of the Koolau
Range c¢rest, which here has elevatlions of 2400 to 2800 feet. The
position is North latitude 21-25-10 and West longitude 157-51-31.

. The second, tc be known as North Halawa-Upper, is located on
2 spur within an intrenched bend of the north fork of North Halawsa
Btream at an elevation of 870 feet. It 1s 300 feet northwest of the
spot elevation "902" shown on U.S.G.S. photolithographs, 3200 feet
SSW from station Puu Kaiwipoo (above), and 6700 feet west of the
nearest point of the XKoolau crest. The position is Yorth latitude
21-24-37, and West longitude 157-51-42.

These two stations;have been located to meet, as far as possible,
the following conditions: (a) to approximate a mile leseward of the
Koolau crest in the probable belt of maximum rainfall, (b) to be one
on & ridge and one in a valley, for comparison, and {(c¢) to be so '
located that a route can be found by which both can be visited by an
observer on the same one-day circuilt.

Chester K. Wentworth
Senior Geologist

It 18 understood that a ralngage will also be installed by the
Bureau of Rurael Water Supply at the tunnel portal in Haiku.Vallgy
less than s hslf mile from the range crest on the windward slope.
Because of the deep indentation formed by the head of Haiku Vallqy,
this 1s an especially favorable spot for such a gage, and knowledge
of total smounts of rainfall in upper ¥osnalua and Halaws will be
enormously improved when several years of record are availadble from

the three stations mentioned.
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AMALYSIS OF RAINPFALL, I'YDROLOGIC AREAS, AND WATER QUANTITIES
. Moanalua-Halawa District
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78) Kashaulki Valley 0.82 108" 88,2 4.20
Walls
79) Manaiki Valley Walls 1.63 140" 227.5 10.83
30) Fast Mosnslua Well 1.44 147" 212.0 10,09
31) Weat Mosnalua Wall 1.69 149" 252,53 12.01
JUNTAIN AREA, KALIHI
DIVIDE TO RED HILL 5,58 140" 780.0 37,13
37.13 MOANALUA MOUNTAIN AREA
(To Red Hill)
(Total) MOANALUA ISOPIESTIC AREY
70.91 NO. 4 (To Red Hill)
32) Halawa Coastal Plain 3,62 oon 79,6 3.79
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i4) Western Crater Aresn 1.03 30" 30.9 1.47
15) Red Hill Facet, West 0,05 40" 2.0 0.10
16) South Halawa Bottom 0.36 gon 28,8 1.37
\7) Inter-Halaws Facet 0.72 83"  59.7 2,84
18) North Halawa Bottom 0.42 94" 39,5 1.88
19) Alea Facet 1.89 55"  103.9 4,94
0) Alea Valley Bottom 0.1l2 zgm 4,6 0.22
LAWA CAP-ROCK ARFA
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'91) South Wall, South 0.30 92" 27.6 1.31
' Halswa
'92) Head, South Halawa 1.13 166" 187.5 8,93
'93) North Wall, South 0.59 121" 71.4 3.40
Halawa
94) South Wall, North 0,56 118" 65.1 3,10
‘ Halawa
95) Head, North Halawa 2,47 166" 410.0 19.52
96) North Wall, North 0.67 116" 7.7 3.70
‘ Halawa
97) Head, Alea Valley 0.45 112" 50.4 2,40
[ALAWA MOUNTAIN AREA
RED HILL TO SQUTH 6,17 1447 889,7 42,36
KALAUAO DIVIDE ' .
79.49 MOANALUA-TALAWA
. MOUNTAIN AR®A, KALIHI
DIVIDE TO AIEA BAY
83.81 MOANALUA (WO, 4)
ISOPIFSTIC AREA
KALITHI BARRIER TO S0UT
HALAWA AXIS
60,74 HALAWA DISTRICT RED
HILL TO ATEA BAY
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TABLE OF ESTIMATED WATER QUANTITIES BY VALLEY
HALVES AND CORRESPONDING ISOPIESTIC AREAS
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Mountain Area (Square Miles) l1.29 . 5.58 .87 773 -5.30 6.17 11.75
Total Rainfall (M.G.D.) 12.66 58,25 12.70 83.81 48.02 60.74 118,99
Rainfall on Cap Rock and Other | | ‘ o
Areas not Tributary to Basal -~ 5,65 21.12 6,92 33,69 11.44 18.38 39,50
Water ., " ,
Mountain Rainfall . 7.01 37.13 5,78 49.92 36.58 42,36 79.49
Runoff, U.$.3.8. 2,65 6.62
Bunoff, Estimated Total from _ 1.70 2.80 1.70 8.30 10.00 12.80

Mountain Area (a)

(a) Runoff for each of the component areas has been estimated conservatively by
comparison of areas and postulated rates with the partlal areass represented by
the two gage stations of Moanslua and YNorth Halawa. IUxcept for the allowance of
en area and a discharge for “onth I'slawa Stream of half that of North Halawa,
the totals are not substantielly greater than the actual gaced amounts. To
reduce the amount, one can find no basla; 1its increass onfy agzravates the short-
age of infiltration apparent for nearly all areas so far examIned.
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Evaporation, 20% of 1.40 7.43 1.16 9:88 '7.;2 8.47 15.90
Mountain Rainfall (b)
Transpiration (b) 1.84 7.99 1.24 11,04 7.58 8.82 16,81
Totel Losses 4,94 18,22 4,10 23,20 o7.29 45,51
Infiltration Remainder 2.07 18.91 1.68 13.38 15,07 33.98
Computed Basal Intske 22,66 13.38
Known Artesian Basal 7.76 26.86

Discharge (1941)

(b) No new or more valid basis for computing evaporation and transpirstion i1s known,
though the conditions of measurement are such that no great specific accuracy can
be clalmed for the eastimates glven, as computed by the procedure used by Kunesh

in 1929,
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Runoff

There are two records of runoff from the area compriszed in
this report, s record of 15 complete years for Mosnalua Stream and

one for three complete years for North Haleawa Stream {(1). The

(1) Territoriasl Planning Board, Surface Water Resources of the
Territory of Hawall, pp. 17, 105, 19353.

Moanalua Station, at elevation 339, at a point about 2.5 miles Inland
from the margin of the range, shows an éverage discharge of 2.65 K.G.T,
from a drazinage area of 3.2 square mlles, or 0.83 X,G.D., per square
mile, The average rainfall is found by calculation from the hydrologic
provinces to be about 145 inches. The Halaswa Ststion i1s in the north
branch, at 300 feet above sea level and about 2 miles inland. It
shows for the short period of 3.85 years (1929 to 1933) an average
discharge of 6.62 ¥.G6.D. from 3.6 square miles of dreinage area, or
1.84 ¥.G.D. per square mile. The rainfall in this area averages about
155 inches., The contrast between the rate of 0.8% M.G.D./Sq. ¥1. for
Moanalua and 1.84 for North Halawa seems to rest chiefly on a low rate
for ¥ognalua, since the majdf streams of the Honolulu ares, Palolo to -
Kalihi, average 1.96 ¥.G.D. per square mile, and Kalihl has & rete of
1.93 H.G.0. (2),

(2) ventworth, C. K., Kalihil Report, p. €3, 1941.

Consideration of the rsinfall records for the period 1929-1933

does not indicate that the total was far from normal, so that the
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Halaws record 1s probably a falr average. The reason for the general
low runoff rate for the ¥osnsalua basin is not known, since each of the
contrasts in topography and geology and rainfall by which ¥oanalua
differs from Kalihi is still further shown by North Helawa in con-
trast to Moanalua, yet the latter valley 1s sgaln comparable to Kallhi

in its runoff prate.

Principles of Ground-Water Occurrence and Movement

In previous reports of this series, the writer has set forth
his current understanding of ground-water behavior in the rocks of
this section of Hawali, Two chlef problems emerge as the most
important in the hydrology of the reglion, and study of each district
adds some further data toward their solution. Flrst of the=ze problems
is the evasluation of the various Inland terraznes with reference to
Infiltration and the estimatlion of amounts of infilltretion from vari-
ous sections. This problem 1s chiefly tied up with the gross perme-
ablility of the mentle rock In the mountainous area and with the
locally deep and progressive weathering of the bedrock beneath the
mantle rock, with its resulting decrease in permeability.

The rates of evaporation and transpiration are intimately
involved, but thelr de?ermination, while not easy, does not conjure
for the geologist so complex and baffling a fabric of regional and
topographic facts for clarification. It 4is obvious that if the entire
land surface consisted of exposed, fresh lava flow rock, comparable to

some terranes on Hawall or to the floors and sides of larger quarries,
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or to the rock in high-ylelding tunnels, the runoff would be extremely
amall in amount: the evaporation and transpiration would be smaller
than the existing\rate; and the Infiltration would be large, perhaps
70 or 80 percent of the rainfell. On the other hand, 1f the surface
were uniformly steep and fully covered by thick, compact mantle rock
of the sort cormon in Hawall, with no eroded breaks, it is clear that
evaporation and transpirstion through plant growth would be similar

to what we have now, runoff would be much greater and Infiltration
would be small in smount, probably 10 percent or less, The gross
existing condition lies between these extremea. Facet areas and valley-
bottom areas are belleved to approach the last-stated conditlon. Much
of the mountainous ares is probably somewhat intermediaste; large areas
of effective mantle rock cover retard lmmedliate Infiltrstion and ald
runoff. But, on the other hand, some channel-bottam eroslion exposes
permeable and fissured bedroek, which faclilitates infiltration from
the Immedlate runoff water; and much of the mountsain manfle rock,
while not highlﬁ permeable, 1s sufficlently porous to abasorb large
amounts of water of which a fractlon passes through and reaches basal
water,

The other problem is that of the hydrologlc functioning of the
basal water, a vast reservolr the size, continuity and ordered behavior
of which 13 so indubitably shown by our numercus wells, test holes and
shafts. The chief elements of thls problem are the rate of increment
to this system by infiltration, the amount of hydraulically connected
storage in the system, the total constant of permeability of the con-
nection of the supposed bottom storage, the positions and rates of

loss through the ecap rock by springs and other natural leaks, and the
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mechanism and quantitative behavior of movement of fresh water from
the bottom storage to the ocean. The general problem of bottom storage

has been discugsed elsewhere (1). Its quantitative aprlication has

(1) Wentworth, C. X., Kalihl Report, Aprpendix II, pp. 109-137.

--------- - - Storage Consequenceé of the Ghyben-Herzberg
Theory, American Geophysical Union, Transactions,
1942, {In press).

not proved practicable in any unit of the Honolulu basal arteslan
system, and sach unit in some measure differs from the others. This
is partlicularly true as the Pearl Hafbor area is considéred, since,
as will be set forth in detall elsewhere, the bassgl water system of

the Pearl Harbor area shows lower basal heads, but probably much

‘higher rates of total movement through the system (estimated about

3 times as much per mile of shoreline) and much more rapid and
sensitive response to increases and decreases in rainfall end the
reverse In draft. These three characteristics are wholly consistent
with each other and indicate a hydraullic system of & more dominantly
dynamic, réther than static, character. The Honolulu system'could be
likened to & high pall, kept nearly full by moderate inflow operating
against loss from small lesks; the Pearl Harbor system 1s a lower pail,
with numerous larger lesks, kept at & level only slightly lower than
that of the other by a much more copious inflow, Naturally the latter
rall would show more sensitive and marked head responses to fluctuations
in inflow and draft.

This much of difference we can recognize as qualitatively true;

the determinatlion of quantitative characteristics will require more
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data and more detailed understanding. It 1= pertinent to note, in
approaching this study that the difference in hydrologic behavior 1s
accompanied by and probably is closely related tc the contrasted
physliographic development of the Pearl Harbor area, with seas water
lochs or arms reaching to contact with Koolesu rock, as compared to the
narrower but more continnous coastal plain of the Honolulu area.
Another point which reguires noting with reference to the
problem of isoplestic asreas and bottom storage, 1s that while the
static heads of contiguous isoplestic aress sppear to owe thelr
distinctness‘to the interposed barrier represented by the impervious
cap-rock i1l in infervening, deep~cut valleys, the vallevy-bottom fills
do not extend deep enough to offer complete Impediment to hydraulic
interchange between the bottom-atorage‘portions of two areas of dif-
fering 1soplestic head. We should therefore sxpect a far less sharp
contrast between the bottom heads (or depth to the diffusion zones)
of two such adjacent areas, and et depths of 1000 to 1500 feet the
hydraulic vector at a given point should Include components not only
from (1) stream tubes reaching the overlying or adjacent free basal
water table and (2) the offlying free ocean surface, but also (3) the
free basal water table of adjacent 1soplestic areasgs at distances only
8lichtly greater than (1) and probaebly much .less than {2). Hence the
behavior of the diffusion zone below the basal water table of & given
isoplestic srea would probably not only be governed by a lagging
response to the changing heads In thet area but also by somewhat
weaker responses to the behavior of the basal water table in sdjacent

areas Insofar as these are sufflciently connected as to trenamit
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pressure effects. Recopnitlion of this further complicatlon may not Dbe
taken a2 &n sncouraging note, but there 1s no gain in ignoring 1lts

reality.

Seenrrence of Sround-%Tater Bodles

SURFICIAL GROUND WATER

¥o speciasl conditions were noted In the Yosnalns~-Halswa ares
relating to surficial ground water. Larger areas of mountalinous
ﬁanﬁtry in bigher averege rainfall only served to accentuste the
writer's Impression of the large volumetrice importance of the mantls
rock and westhered surflcisl bedreock in holding wup surfieisl ground
water in thils part of the world. It is this fmpression which led the
writer in the Yanos Feport snd subseguently to introduce the term
fourficlal Oround Weter™ and sccord to this water » considersiion
separate from the percelating waber. VWhile this surficisl wster cane-
not be &eve;apaﬁ in significent gquantlities, the same cen glzc be sald
ol the percolsbing wester: both sre of fundamentsl importsnce in any
ponsiderstion of the hydrologle etyele or in any discussion of local
geologle structures In relation to thet ovele, and to ulitimste waber

suppllies.

VAGRANT PERCOLATING WATER

I Bouth Falaws Valley, at g point about 800 fest inlsnd Prom
the 750-foot conbour crossing {Long. 1579 52' W) on the northwest bank
about £ fset above the siresm, 1z 2 tunnesl drlven in wesnthered Yoolsu

ga ¢linker. According to Stearns 1t wazs driven in 1800, has two

T O3
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branches, and comprises s total length of over 1000 feet and in 1932,
was observed to be yvielding about 15,000 gallons daily. When vislited
by the writer in April, 1923, it was estimated to be discharging at ’
least‘V0,000 gallons deily. Whichever yleld i1s the more usual 1s

irmaterisl: even the latter i1s an amount incommensurate with the cost

of driving this tunnel (1). The water developed in this tunnel 1is

{1) Sstearns, H. T., Op. Cit., 1835,

probably largely retained on or 1In thls weathered lava flow and might
be classified with some Justification elther as surficlal water, or
perched water, though in part derived from percolating water.

A similar tunnel was driven in 1901, in the north wall of North
Halawa Valley, about 900 feet inlend from the 650-foot contour. It |
has two branches, one of which 1s reported as 2000 feet long and the
other as shorter. The yleld in August 1932, was reported by Stearns
as about 30,000 gellons daily. The writer's estimate in 1942, was at

least 144,000 gallons daily (2). It is not clearly observable what

(2) Stearns, H. T., Op. Cit., 1935,

structure 1s responsible for the flow, and it does not appear that any
particular geologic condition determined the location. The water is
quite as lilkely surficlal water as perched water and is not sufficient
in amount to well justify the expense of development and especilally
that of delivery to a polnt of application, & project not known ever

to have been planned or attempted.
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There are numerous places in the inland channels of most
established stresms where seepage water can be seen; digging in
favorable relationship to the structure at such points mey yield small
smounts of water. Thils fact 1s only a natural counterpart to the
exlstence of a perennial or nearly perennial stream. But unless
Qpecific perching or éonfinement of ground water bccurs, guch water
developed 1s only derived from the surficisl water contained in the
mantle or weathered ground water and is likely to be very small in
amount proportionate to the excavatlon required to get it. Such
projects, while they might be of great temporary convenience for camps
or construction project supply are not of significant value fdr modern

municipal or plantation purposes.

PERCHED AND RESTRAINED WATER
Perched water in this part of Hawall 1s always assoclated with

Intrusive a8illls, red tuff beds, or soll lavers. All these structures
are scarce in ¥oanalua and apparentl& 8till more so in Halawa. It is
probable that certain lava flows, &s elsewhere, are to a moderate
extent less permeable than others and may locally perch small amounts
of water; but no important evidence of perched water was seen, and
conditions for 1ts occurrence are generally unfavorsble.

Restralned or confined water usually i1s trapped by dikes and,
In some parts of the dike complex of the Koolau Range, iz found in
large amounts. As outlined by Stearms in 1935, however, the dike
complex does not cross the head of Halawa or Moanslua Valleys and is

confined to a belt fairly low down on the windward slope of the rengs .
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This fact and the very limlited occurrence of scattered dikes in the
Halaws section explains the very slight Indicstion of restrained water

in the mountainous sections of this district.

FRER BASAL WATER

Direct 1nformatidn on free basal water in the Moanalus-Halawa
area has been growing very rarldly in recent years, and a number of
projects are under way, which will yield much additional information.
Prior to 1930, knowledge of free basal water in this area was confined
to head and overflow data on the Pearl Harbor springs and inference
from the various artesian wells drilled in the covered part of.the
cormon aquifer. About 1936, the Navy drilled a dlamond core drill
test hole at s point on the road which c¢limbs the Alea spur about
1200 feet inland from the main highway at.Alea School. This hole
verified the rresence of free basal water, with s head of about
20 feet, and indicated the character of the Koolau lava flows at this
point. A water-development shaft was dug, and water from this pumping
station has been used by the Navy since 1937.

Hols No. 19, drilled by this office in the spur west of XKalihi
Valley on the grounds of the then Kaplolenl Girls' Home, in 1936, has
made posslible measurementa on the head of free basal water in the
eastern margin of the Moanalua, or No. 4 Isoplestic Area, since that
time. Since June 1937, the Kalihl Underground Pumping Station has been
In operation and likewise has vielded s valuable record of this water
body. Two or three years ago, a test hole was drilled for Honolulu

Plantation Company in the guleh 3/4 mile, N 70° E from the Aies Post
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Office. Late in 1941, a vertical shaft was commenced at a pelnt
farther north in Alea Stresm valley, and basal water was reached in
1942. VWater will be delivered from thils shaft for use by the Planta~
tion. A test hole drilled for the Clarke Guarry Company in the north-
west wall of South Halaws Valley and holes drilled in the southesst
and northwest walls of ¥Moanalua Valley for the Board of Water Supply
have also yilelded data on the basal water, as tebulated below.

A vertical shaft from the fuel storage tunnels in Red Hill spur
has been driven to basal water and will be the basis of & pumping
station cperated by the Navy. This office has commenced the construc-
tion of a basal underground pumpling statlion in the north wall of
Halawa Valley. All teld, there have been dug in a decade at least
eleven excavations, including five shafts, one deep well, and five
test holes, which reach baszsal water and yield far more direct and
Irmediate iInformation on the behavior of free bosal water than was
avallable in 1930. Some of these wlll be described in greater detall.

The area from Kalihl Valley barrier to and including Red Hill
has been considerecd to be one isopiestic area for many years, since
the arteslan areas were first discriminated. This conclusion was
reached on the basis of the hesds shown in artesian wells. In 1935,
when Bulletin 1, on the Geology and Ground-Water Resources of Oshu
was published, the Pearl Harbor area was designated s= Area No, 6,
though 1t was recognized that there was much nmore variation between
the heads shown by different wells in the Pearl Earbor area than was

true of the typilcal irsopiestic areas of the Honolulu area (1). Such

(1) Stearns, H. T., and Vaksvik, K. ¥., Op. Cit., pp. 257-267, 1935.
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differsnces of head in wells csn be the result of leaks or of special
underground conditions, and 1t.is desirable that data on the free basal
water 1evei be complled to check the form of this water table and to
determine with greater velidity than 4is possible with artesisn well
heads what subdivision into unit isopiestic areas 1s possible., This
1s not yet practicable for most of the Pearl Harbor area, but the nine
mesasuring points mentlioned will be of material aid in gsthering dats
to interpret the relationship between the Moanalua Area {No. 4) and
the eastern edge of the Pearl Harbor Area (No. 6).

At-present, head data ere available only from the four test
holes and from the Navy Halawa shaft at Alea School. Thesze data are

summarized in the followling table.

=111=-
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BASAL WATER LEVELS, EKALIHI TO AIBA

Ealihi Kalihi South Alea
Underground Hole ¥oanalua "Halawa Havy "Austin®
Shatt (3) No. 19 Hole 42 (4) “Clarke" Shaft Hole
Hols :
Period 5/&/@1
to 6/80/42
Maximun 24,65 23.00 20.95  21.28
Mean ' 24,06 (1) (2) 22.08 19.39  19.98
‘Minimum 23.15 20,73 17.80  18.53
Period 3/1/42
to 6/80/42 e
Maximum 24,80 24,99 ' 24.92 22.71 20.95  20.79
Mean 24,51 24.62(1) 24 .66 22.18 19.59  20.13
Minimum 23,93 24.33 24,18 21.67 18.00  19.45

(1) Dete not complete.
(2) Hole not drilled.

(5) Data taken from charts on occasional short period shut-down. Not comparable to
static levels from Hole 19, nor so valid as the latter.

(4) Hole No. 43, on the west side of Moanalua Valley, was finished in August, 1942.

During September, 1942, water levels in it averaged 0.7 foot below those in
Hole No. 42,

As far as they go, and lackinz contrary data, the water levels
from Hole 19 and the ¥oanalua hole indicate a well-established iso-
pilestic area, with & difference between the two holes of approximately
0.1 foot and with only sbout O0.7=foot fluctuation during the past
four months.

The basal water level shown in the "Clarke" hole in South

Halawa Valley 1= about 2.2 feet lower then the Moanalua level and
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shows somewhat greater variation In response to weather and discharge
conditiona. The Ales hole reveals a water level averaging about
2 feet below the Halawa hole and shows =tilll more variation in response
to weather and discharge. These measurements suggest a continuous
slope downward from the Moasnslua hole at a rate of about 2 fget to
the mile equally much as they suggest an abrupt step downward, and it
1z sti111 not clear 1f there 13 & sharp hydresulic barrler, in Moanalua
Valley, or South or North Halawa Valleys, any or sl1l1l. Data from the
Red HIll project and from the North Halawa project will perhaps gilve
a more definite answer to this question.

The measurements so far made also suggzest s transition from the

more static behavior of the basal water of the Honolulu srea to the

- more dynamic behavlior of the basal water of the Pearl Harbor area, as

mentioned above, Discussion of guantities of ba=sl water will be
deferred untill the artesisn component has been described.

The well-known Pearl Harbor Springs are fed from the basal water
of the Pearl Harbor sector and have been studied and measured in some

detall by Kunesh end his assistants (1). These springs are a very

(1) EKunesh, J. F., Report Honolulu Sewer and Weter Commission 1929,
Part IV, pp. 116-124.

large, if not an sll-controlling, factor in the hydrologlc behavior of
the bassal and artesian water of the Pearl Harbor area, but since the
easternmost of these =prings i1s Kalauao Spring, located on the west
side of Falsuao Valley and abont a mlle distant from the nearest

boundary of the Moanalua-Halawa district, 1t 1s probable that it is
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not an important element of the hydrology of this district as such.
This is still another reason why the district in question can be
regarded as transitional between the Honolulu area and the typical
part of the Pearl Harbor area. The detalled discussion of the Pearl
Harbor Springs will be included In reports on the central and western

parts of the Psarl Harbor ares.

Basal Water Projects

KALTHI BASAL SHAFT

This shaf? was one of the firat two basal underground stations
to be constructed by the Board of Water Supply. It was constructed
in 1936, and has been in continuous operation since that time. During
the past year, fhis station has been malntained on a 24-hour delly
pumping schedule &t a rate of 6.2 ¥.2.D., with & drawdown of about
0,75 feet. This shaft 1s within the limits of basal area No, 4, and

hence comes under discusslion only briefly at this point., A& more com-

. plete statement, with conslideration of water quantities was Included

in the Kalihi Report (1).

(1) W&ntWOI‘th, C‘ K.’ Opc Cj.to’ ppc 79"81, 66"‘67, 19410

FORT SHAFTER BASAL WELL
This well, to be equipped with deep well pump, was drilled in

1942, as an auxiliary mejor supply source for the Fort Shafter post.
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It was drilled through the roof of the refrigeration storage tunnel,
Basal water in the well has & static level essentially identical wilth
that at Kslihi Shaft, Fole 19, and with the artesian head of Well

No. 146, which furnishes the main operating supply for the post. The
well, drilled wholly in Kooclau rock, has a dismeter of 12 inches in

the aquifer and was drilled to 28 feet below sea level. It 1s to be
equipped with & pump having a ceapacity of 1.44 M.G.D. Present

intention 1s to operate this plant only to furnish a small supplementary

supply.

RED HILL BASAL WATER SHAFT

This basal water ststion Qonsists of & vertical shaft in Koolau
rock driven from one of the tunnels of the Navy Underground Fuel
Storage project to sea level. The shaft revealed a basal water level
essentislly the same as that In Moanalua Hole No. 42. The installed
pump capacity of the station 1s to be 20 ¥.G.D., but prospective needs
in the near future are much less than this. Only future operstions can
determine what the ultimate increment yield of this station will be,
and this value will of course be largely subject to coordination with
the various other shafts and wells drawing from the same water supply.
At present wrilting, despite seversl hundred feet of tunnel below basal

water level, the excavation shows only a small yield (1). No satis-

(1) October 5, 1941.

factory geologic explanation of the relative water tightness of the

rock has been found (2).

(2) H. T. Stearns, 7.S.6.S., is adviser in geologlic matters.
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NORTH HALAWA BASAL WATER SHAFT

This project with a totsl cost upward of a million dollars, was
pianned in 1941, and wes awarded a Federal grant of $441,000 under the
Lanham Act. Since ¥ay, 1942, it has been under construction. On
June 29, the open cut for the portal had been excavated, and tunneling
on the inclined shaft had just commenced. The level of basal water
was reached on September 21, and at present writing (October 5) the
pump roou is in course of excavation,

The project conslists of an ineclined shaft 30 degrees, driven
from the elevation of 165 feet, intoc the north wall of North Halawa
Valley about 5000 feet inland from the main highway., At the bottom of
the shaft 1s to be tunneling at water level to & currently planned
length of 400 feet. 1Included in the project 1s 17,000 feet of 42-inch
plpe line to deliver the water from the tunnel to the city distribution
system. The pipe line will pass through two tunnels, one In the spur
between the Halawa vallevs and the other under Red H1ill, where the
Pipe line willl have an emergency Interconnection with the Navy Yard
Pipe line from the Red H1ll Basal Water Shaft. The main portal struc-
ture 1s located at a point where the surface of the ground was at an
elevation approximating 190 feef, and at a distance of about 80 feet
horizontslly distant from the lowest rock outcrop at about 220 feet.
No borings were made to bedrock so that the exact position of bedrock
and the amount of tumneling on the Incline in consolideted old alluvium
before the bedrock 1s reached was a matter of eatimate from the known
position and slope of bedrock at thg outerop. Rock was actuaily ‘

encountered st about 12 feet down the inecline.
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The general appesrsnce of the open cut for this project is shown
in Figures 43 to 45. The section of mentle rock exposed includes 3 to
10 feet of recent, black or dark érab soil and subsoll at the top. The
base of this layer is irregular, and beneath it i1s a thick mass of well-
Indurated taluvium or gravel and talus which contains blocks and boulder:
up to 10 feet in diameter and which 1s generslly composed of cobbles
and houlders from a few inches to twe or three feet in diameter imbedded
in 2 red or brown matrix of weathered flner material. The boulders in
the upper part arc weathered somewhat on the outer parts, but meny of
them have hard cores and are not easlly cut by the shovel. On the
other hand, in the cut as a whole, the steam shovel makes continuous
tooth marks, and only a few of the boulders project from the outecrop
after such excavation. The matrix i= more iIndurated and the boulders
more fully weathered toward the bottom. This site 1s in s zone where
reinfall of 50 to 60 inches falls ennually, es distipguished from the
slte of the various excavations for Reservolr No. 4 in Nuuanu, where
the rainfall 1s asround 150 inches. It appears, therefore, that the
somewhat less weathered rock of the lower part of the thick cap rock
cover at the Halawa portal may well be as old as the more weatheréé
rock of the higher rainfall belt in the 1s rge borrow pit at No. 4, which,
in the writef’s observation, has stood as 8 type for this older
alluvium,

In certsin places about 5 feet above the floor of the open cut
at the tunnel face, the matrix of the gravel consists larzely of red,
grenular, vpalagonitic tuff resunlting from an explosive eruption which
was most likely one of the Salt Lake'series, probably the same as the

earlier one indicated in various cuts east of Halawa Valley. Above

-117 -
ED_006532_00005186-00170



‘P61 ‘9z Auy uexsy

ST

‘g eyq wiae[e] J0J 400 T 33300

I

bow g B
SN Lidnne ey
P s o Gt e
e S 00

g

T

ED_006532_00005186-00171



R AN
*q 32U

*oy eatgedol g
£

Yol

[1

rr
e A

oy uoivy ojoud
pojorduu) - Pp @andTg

Al

2

2

st gy

ED_006532_00005186-00172



CIUYLE T SATIBYWSl  ‘gPRL ‘98 eump Usy®g 0303y ‘T33J0d 3yuys
Jo eutrquo “QrBue BMBTY] ‘300 [8240U SO |[Tek JU9Y - CF SJnIT]

T w -

o . . PSR
L R

R VI

Sea
N v

S V=T

e N

. Rl Sy
e Nn adsn TR

¢ 3 7 2 ; s ' S JP—— - P —

ED_006532_00005186-00173



this tuffaceous layer, the normal gravel overlaps, to be followed

10 or 15 feet higher up by several lenses of nearly pebble-free tuff
which probably represents a later eruption of the serles. The section,
even with these changes in matrix character and indication of explo-
sive ash falls, 1s so continuous and free from general phyvsical break
that 1t 1s difficult to interpret in any detsil. The upper part 1s
the resnlt of very recent to éoncurrent accurmlation, and the lower
part, where 1t rests on the bedrock of the old valley wall represents
the earliest gcecurmlation after the completion of the major, post-
EKoolau cutting. It appears, therefore, that this cut carries the con-
tinuous history of probebly all of middle and late Pleistocene time
and recent time, & span of probably a half million years or more, but

in a condensed and unfortunately not well-punctuated text.

NAVY FALAWA SHAFT (1)
This shaft was driven on a 30-degree incline, at a point a short

distance inland from Alea School. The ground elevation is 95 feet,

{1) This shaft is exactly on the line between the land divisions of
Halawa and Alea. It is cmlled officlally the Halaswa Shaft by the
Navy, but 1t is closer to other festures identified with the
village of Alea, and its position would be better indicated and
with less confusion with the Korth Helawa Shaft of this office,
if 1t were designated Navy Alea Shaft.

and the shaft penetrates Koolau rock at the inland edge of the cap rock.
The sump 1s supplemented by 42 feet of tunnel with its floor at 16 feet

sbove sea level. A test reported by Stearns (2) showed a drawdown of

(2) Stearns, H. T., Op. Cit., p. 25, 1940.
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11.12 feet for a dlscharge of 21 ¥.G.D. A comparison of exposed sump
and tunnel areas, drawdown and discharge relations for the Walalae and
XKalihi basal shafts of the Board of Water Supply, and the Navy Halawa
basal shaft made by W. E. Samson showed that the Koolau basalt has
very similar values of permeablility at each of these stations, the
differences being little if eny more than the possible errors of esti-

mate of area or other conditions (1). Dailly pumping drsft from the

(1) Personal communication, July 28, 1942.

Navy Halawa shaft averaged 0.46, 3.12, 6.04, and 8.04 ¥.,G.D. for the
years 1938, 1939, 1940, and 1941; and In June 1942, the rate was

9 ¥.G.D.

ﬁOEOLULU PLANTATION COMPANY AIEA SIAFT

This 1z a vertical ébaft driven from elevation of 195 feet in
the left side of the floor of a small branch of Alesa Stream about
2700 feet northeast of Ales Post Offlice. The ecross-section of the
shaft 1s 8 feet by 20 feet. Four short tunnels each 25 feet long,
are belng drliven at basal water level from the bottom of this shaft.
At present, October 5, 1942, thls statlion i1s not in operaticn for

leck of pipe.

ARTESIAN BASAL WATER
There are 73 artesisn wells in this area, as shown in the

accompanying table.
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INVENTORY OF ARTESIAN WELLS

¥oanaluna District

Humber

(1)

Status (1940)

Hesad
(2)

Discharge (M.G.D.)
{Average 1937-1938)

Moanalua Ares (Isopiestic Area No. 4) - (Kelihi-Eshauiki Divide to

Red 1111)
145 Sealed (1928) - -
146 Domestic U, S. Army 28.35 0.62
147 Segled (1929) - -
148 Irripgation 28.36 0.50
149 Irrigation 28,49 0.51
151 Unused 28.05 -
152 Sealed (1929) - -
183 Domestic 28.48 0.61
154 Irrigation - 0.26
155 Domestic 23.19 0.03
156 Industrial U. S, Navy 28.23 0.06
157 Irrization 29.55 0.6
158 Irrigation 28.32 1.13
159 Irrigation 24,77 0.03
160 Domestic - U, 8. Army
161 Sealed (1941) - =
162 Tnused - -
163 Unused - -
164 Sealed (1937) - -
165 Sealed (1937) - -
188 Sealed (1937) - -
167 Unused - -
168 Unused - -

(1) New Number series.

{2) Simultaneous head survey, August, 1938.
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INVENTORY OF

ARTESTAN WELLS

Halawsa

District

Number Status (1942) Head Discharge (¥.3.D.)
(1) {3) (Averase 1937-33)

Halawa section (Isoplestic Area

169 Unused (U. S. Navy)
170 Unusged (U. S. Navy)
i71 Sealed (1939)

172 Sealed (1939)

173 Sealed (1939)

174 Sealed (1939)

175 Seéled (1939)

177 Irrigation

178 Unused

179 Unused

180 Sealed (1939)

181 Unused

182 Unused

183 Unused

184 Unused

185

A to Q Irrigation, ¥.P. Co.

17 wells Pump 1

186

A to H Irrigation, n.F. Co.
8 wells Pump 3

0. 6) (4) - Red Hill Divide and arte-
s83an barrler between
No. 4 and ¥o. 6 to Ales
Bay.

N

Est, less than
0.0005

o
Ut

8.725
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Kumber Status (1942) Head Discharge {¥.G.D.)
(1) : (3) (Average 1937-38)
187 Domestic (U. S. Navy) 3.55 (5)

A to C .
188 Unused
189
A to E Irrigation, H. P. Co. 5.005_

5 wells

(1) FNew Number series.

(2) Simultsneous head survey, August, 1938,

{(3) Head measurements as near to August, 1938, as avallable.

(4) Use of the designation Area No. 6 is for descriptive convenience
but commits the writer to no particular interpretation as to
its iscpiestic character or boundaries separating it from

Area No., 4,

(8) This station, following completion of the Navy Halawa shaft,
declined in discharge to 0.25 M.G.D. in 1940, with & rise to

0.88 ¥.G.D. in 1941.
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INVENTORY OF BASAL SHAFTS

Moanalua District

Average Discharge

Name Owner and Uss Capacity Jan.-June, 1942
(}‘{QG.D.) (M-G.D.)
Kelihi Underground Board of Water Supply 10 6.20
Shaft (1) Municipal Servicse .
Fort Shafter Us. 3. Army Not in service
Refrigeration Emergency Standby August, 1942
Deep Well and Minor Inclidental
Refrigeration Plant
Use
Red Hill Underground U, S. Navy 20 " Excavation of tunnel
Shaft in progress, August,
1942
North Halawa Under- Board of Water Supply 20 Under construction
ground Shaft ¥uniclipal Service
Navy Halawa Shaft U. 8. Navy
Domestic and military 17.28 7.86

Aiea Shaft

Pearl Harbor

Honolulu Plantatlon Co.
Domestic and Irrigs-
tion

Excavation completed,
pump not installed,
August, 1942

(1) This station 1s located in the Kalihi District, but a large part of the
rainfall inteke area tributary to thils station 1s In the Moanaluas

Diastrict.
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SUNMVARY OF ARTESIAN WFLLS, MOANALUA AND HALAWA DISTRICTS
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Board of Water Supply 0 0 0
U, S. Navy 1 5 6
Used 3
Unused 2
U. S. Army 2 0 2
Other public ownership 0O 0 0
Private ownership 13 38 ' 51
Domestic 2 0
Industrial o 0
Irrigation € 31
Unused 5 7
Sealed 7 6 13
Total 23 49 72
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A total of 72 arteslan wells have been drillied in the area
under consideration in thils report, 23 in the ¥osnalus portlon and
49 in the Halawa portion. Of the total In the Hoanalﬁa sectlions,

7 have been sealed and 5 are unused; of the 11 in use, 6 are used for
irrigation, 2 are private domestic, 2 are domestic U. S. Army, and
1l 1s industrial U, 8. Navy.

Of the 49 in the HEalaewa section, 6 are sealed and 9 are unused;
of the remalining 34 in use, 31 ere used for irrigation and 3 for
Pearl Harbor genefal supply, U. 8. Navy. The following table shows
the spproximate controlled discharge of both artesian and free basal
water for the Moanslua and Halawa districts, for comparison with‘the

rainfall figures deduced for the same sector of the Koolau Range.

-125-

ED_006532_00005186-00181



DISCHARGE OF BASAL WATER IN THE MOANALUA-HALAWA AREA-

Annual Average, 1941

B -
© 5 o
& n
ot ~ o e K
4] =i o O i o] a8}
ol s wt L8 o« o
ey -] } N 42 o R 43 o -
] [] S o = | @ -z
s 5 oz 2 E < E| 5
g » s % - £
o ] = ] § o i
© - (=] = .g 3
§ &g
£
¥oenalua District
¥oanalua Area (No. 4)
Kalihi-Kahsuiki
Pivide to Red Ei1ll
Divide,
Artesign Wells 0.34 1.04 0,15 2.25 3,78
Basal Shafts 3,98 3.98
7.76
Talawa District
Pearl Harbor Aresa
(No. €) Red Hill
to East shore and
Alea Bay.
Artesian Wells 0.88 17.94 18.82
Basal Shafts 8.04 8,04
26,86
0.34¢ 9.96 0.15 20.19 3,98 22,60 12,02
GRAND TOTAL 34,62
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The boundaries of this district are such that none of the
sltes of the Pearl Harbor 8prings are included in it. The Kalauao
Spring 1s about & half mile to the northwest of the limit of this
district, and though 1t 1s possible that some of the water discharged
from it may come from the Halaswa rainfall area, 1t 1s most likely
that no significant part of 1t does. Since the problem of the sgprings
willl be deglt with in the next report, 1t will be assumed that the
discharge of none of the large, named aprings 1s supplled from the
Moanalua-Halawe area. On thils basis, the totsl basal diécharge, in
gight, from the ¥oanslua-Halawa District in 1941, was 34.62 ¥.G.D.,
derived from a total mountaln rainfall of 79.49 ¥.G.D. These quanti-
tiles will be dlscussed more in detall in the next section. |

The writer's general views on the artesiasn and basal water

system have been set forth elsewhere {1), and do not need to be

(1) Wentworth, C, K., Manoa-Makikl Report, pp. 126-135, 1940, Falihi
Report, p. 87, 1941.

repeated here.

CAP ROCK WATER

Very few data are svallable on cap rock water in this ares,
though some casusl use of such water i1s made at a few points. Use of
cap rock water 1s conslidered desirable wherever basal water can be
conserved thereby and where it can be done without damege to the basal
and artesian system. The writer's general views on the use of cap
rock water for irrigation, cooling and other purposes have been stated

in an earlier report.
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SUMMARY AND RECOMMNENDATIONS

ESTIKATES OF WATER QUANTITIES

In making an inventory of water supplies and water use for
the Momnalua-Halawa district, no better basias 1i1s known than to assume
that the usage slong the coastal plain and coastal margin of the two
districts 1s chargeable agaeinst the rainfall intake In the 1nland
toppgraphic wetershed of the two areas. It is not likely that the
ground-water divide between windward end leeward Oszshu lies everywhere
precisely under the topograrhic crest of the renge, and 1t seems pos-
gible that a2 small ares of sane psarts of the windward slope may
receive reinfall which ultimastely reaches the leeward basal ground-
water body. However, this possibility becomes progressively less to
nérthward of the Honolulu area because of the converging of the dike
complex towerd the crest of the range, and we have no basis for
postulating eny perticular line as the ground-water divide.

It 1s also true that the lines down the steepest zlopes of the
bagal water table may not rreclsely coincide with the crests of the
gsecondary ridges that form the topographic boﬁndaries between Xalihi
and Kehauiki-¥oanalua, and between Kalauaso and Halawa, but we do not
know whether they overiap so as to bring more or less water into this
district. The estimetes of rainfall are based on the best aveilable
reinfell data, which are rather scattered. A short record of three
months on the two newly established rainfell stations (pr. 95) by
comparison with the North Hslawa stations sugzests the possibility
that maximum rainfall in the inland zone of the Halawa ares may be

greater than that indicated by exlsting records as shown on Figure 42,

~-128-

ED_006532_00005186-00184



but 1s wholly inadequate to justify any attempt to estimate what the

effect might be on total water quantitiles.

TOTAL BASAL DRAFT

¥OANALUA (No. 4) AND EASTERN PEARL
HARRBOR (Xo. 6) AREAS

Domestic~
Tnit Domestic Industrial Irg§i§§ion H§§i§ary
Well 141 ( . 0.08
Well 142 0.44
Well 143 0.14
Kalihi Basal Shaft 6.2
Well 146 , 1.04
Well 148 0.39
Well 149 ' : 0.34
Well 153 0.51
Well 154 . - 0.05
Well 155 0.03
Well 156 0.185
Well 157 : 0.50
%ell 188 ( 0.97
Well 159 0.003
Well 160 ¢
6,54 0.29 2,773 1.04
Well 177 | 0.001 (1)
Wells 1854 to Q ' 4.86
Wells 1864 to H 2,41
Wells 187A to C 0.88
Wells 1894 to0 E 4,67
Novy Halawa Shaft £.04
17.941 2.92
65.54 0.29 20.714 9.96
-129-
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The total rainfsll estimate for the 5.58 square miles of
mountalin area of basal water Intake for ¥oanalua District is 37.13
¥.G.D., for the similar portion of 6;17 square miles of Halawa district
ia 42,36 ¥,.G.D, and for the two 1s 79.49 M.G3.D. If we add to the
HMoanalua district, for the mountalin area, 1.29 square miles of West
Kallhi, and 0.87 square miles of the south side of South Halawa, we
then have the mountain area presumably tributary to the ¥oanalua
{(No. 4) artesian aree, snd by similar additions have a total mountain
rainfall of 49.92 ¥.G.D. By subtraction of the same portlion of South
Halawa, we get for the eastern part of Ares No. 6, 2 mountain rainfall
of 36.58 M.G.D., These are the figures deemed most comparsables with
the draft flgures for the two basal areas, and by a similar computa-
tion to that used and described in earlier reports, 1t 1s concluded
that the amounts of inflltration in the Moanslua basal area and the
eastern part of No. & are most probaebly 22.66 and 13,38 ¥.G.D.,
respectively.

In the ¥oanslus Area, at the end of 1941, the total recorded
public end private draft averaged 10.64 M.G.D., slightly less than
half the estimated increment from infiltratibn. On the other hand,
the eastern part of the Pearl Harbor area has a discharge of 26,861
M.G.D., which is double the total estimated Increment. For the two
areas, the recorded draft is 37.50 M.G.D., or slightly over thé
estimated Infiltration of 36.04 ¥.G.D.

It became evident in preparing the Kalihi Report thet the
Koanalua district was one in which there was a relatively large
mountain rainfell and less artificisl draft than in the three central

Honolulu aress, as shown in the following table.
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Isopiestic Areas
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Estimated 13,38 22,66 4,32 7.62 2.84 2,59
basal inflltration.
Recorded basal 26.86 10,64 8.51 9,40 6,03 1.8 (1)

draeft
(1) Estimated from Incomplete data.

Each of the three central aeress aprears to sustesin more draft
than the estimsted annual increment from rainfell, a condition which
strongly suggested some such meehanism as the bottom storaze behavion

as set forth elsewhere (1). It’will also be noted that the greatest

{1) EKsalinhi Report, Appendix 2, pp. 109-137, 1941.

disparity occurs in the ¥oiliill ares, which has long been recognized
by operating pump englneers and others as the "weakest" area of those
in Honolulu, 1.e., as having the least head stability against increased
draft.

Now In returning to the Moanalua Area, where draft 1s less

then half the estimated Infiltratlon, we might be greatly enconraged

but for the recognition mede rossible by this joint report on the
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area
Moanalua-Halawa areas, that the Halangis apparently one of large

draeft and relatively less adequate rainfall and infiltration. The
conclusion seems inescapable that much of the deflciency of the Halawa
area 1s supplied by lateral leakage from the Moanalue area along thelr
common boundary.

It should be recognized thet the Halaws area 1s only a psart
of the Pearl Harbor ares and that it 1s not cut off sharply by any
known valley-bbttom barrier. Until an anelysis of the Pearl Harbor
area 1s completed, it i1s impossible to dfaw any final conclusion as
"to supplies available in the Halawa area, The question of the Pearl
Harbor Springs 1s 1nvolﬁed, and addltlonal date will shortly be avail-
able from operation of two or three of the new shafts in the Red
Hill-Halawa area. Another apprcach has been made to the hydraulic
behavior of the Honolulu and Pearl Harbor areas in Appendix 1, of this

report,

SUM¥ARY OF RELATION BETWETN MOANALUA AND PEARI, HARBOR AREAS
Several geologlic contrasts between the Pearl Harbor and
Honolulu areas have been mentioned elsewhere. They are listed below.
(1) Honolulu has & narrower coastal plsin, but 1t 1s intact and
broken by few inlets of salt, brackish, or fresh water.

Pearl Harbor has a wide coastal plailn, cut by the wldespreading
arms of the harbor.

(2) 'The Honolulu sector 1s cut by several deep vallevs, having
broad valley flats at the mouth, and known from drilling to
heve cep rock tongues fllling them to depths frem 300 to
1000 feet below sea level.

The Pearl Harbor sector 1s cut by numerous valleys, longer
in their mountainous section thsn those of the Honolulu area
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(3)

(4)

(8)

(6)

(7)

(8)

()

but with narrow flats at the mouth and mostly cut less deeply

below sea level and having cap rock tongues, 1f any, that are

but a few feet below sea level and that extend only a moderate
distance inland.

In the Honolulu sechor, Koolsu rock is overlepped neasrly
everywhere to elevatlons of 100 or more feet sbove sea level.

In the Pearl Harbor area, Ecolsu rock 1s exposed very near to
sea level and to the shore of Pesarl Harbor in many places.

The Honolulu area shows & sharp separation into several
isoplestic areas, within each of which the static level of
wells is commonly uniform within 0.2 feet, and each of which,
according to conditions may have 1ts level changed materielly
in relation to adjacent areas.

The Pearl Harbor area, whille exhibiting some systematic and
some ephemeral changes of level, 1=z not apparently dlvided
into distinct isopliestlic areas,

The static heads Iin the Honolulu area are materlally higher'
than those in the Pearl Harbor area. (Cf. 1 and 3)

The atatlc head of the central area of the Honolulu system and
probably of the other esress was prior to 1880 at least 12 feet
higher than prevalling levels of the past 20 years,

There 18 no record or evidence that the original statlic head
in the Pearl Harbor area was materially higher than now.

The response of the static level in the Psarl Harbér ares to
excess of draft, and 1ts svbsequent recovery from the same
seem more rapid than similer responses in the Honolulu areas,

The length of shore line In the Fonolulu ares 1s about the same
s the width of the corresponding inland watershed. The ares

of basal Infilltration per mile of shore lins is about 2.0 square
miles,

In the Pesrl Harbor ares the dralnage of a very large area,
much wlder then the coast line length, and from longer streams
than those of the Honolulu watershed converges on the Pearl
Harbor outlet. The area of basal infiltrstion per mile of
shore line 1= of the order of at least 5 or 6 aquare miles.

The average chloride content for the Honolulu area is sbout

60 parts per million. The sverage for all water discharged in
the Pearl Harbor area 1s of the order of 400 parts per million,
with only a minor fraction ef the total with chloride content
as low as 100 p.p.m.
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{(10) fThe average annual rainfall of the mountain watershed in the
Pearl Harbor sector is undoubtedly higher than in the Honoclulu
sector. Detailed analysis is not completed, but the average
may be 10 to 15% higher.

{11) The multiple correlation in Appendix 1 shows clearly that under
comparable rainfall conditlons, the currently avallable water
supply of the Pearl Harbor area 1s approximately 5 tlimes that
of the Honolulu aresa.

(12) The above fact indicates that a much larger percentage of total
rainfell 1s avallable in the Pesrl Hsrbor area than In the
Honolulu area, since there is nothing to indicate that total
rainfall of the Pearl Herbor ares 1z more than possibly about
3.5 times that of the Honolulu area. :

The wvarious contrasts listed are not all independent, some of
them are csuses of the others. The composite result sppears to be
that the amount of water daily moving through the Pearl Farbor system
mey be from 3.5 to 4 times as much as that moving through the Honolulu
system; and since the depth of water-saturated rock is less in the
Pearl Harbor system, it is valld to suppose that general velocities
of seawsrd movement may be at least 4 times as great. The movenment
in the Pearl Harbor area 1is probably mere concentrated Iin the ses
level zone because of larger known leaks as In the Pearl Harbor Springs.
The functioning of bottom storage ls relatively legs important in the
Pearl Herbor area. Draft from the Pearl Harbor system 1s more like
draft from a large river; that from the Honoluln system is more like
draft from a large lake. The equilibrium of the former is more
dynamic; that of the latter more static. These differences suggest

differences in management in order to get the maxirmm benefit from

the avallable increment and storage water.
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OPERATIONAL PROCEDURE

The parsmount question is how to get the most water of acceptableé
quality on the average, without depleting the stbrage margin that is
considered essential for safety agalnst extreme rainfall deficiencles
and against emergency increases of draft. Opinions differ as to what
ls acceptable quality and what 1z a safe margin against rainfall
deficiencies, Conditions in the Honolulu system differ somewhet from
those in the Pearl Harbor system. The graphs of'Figures 1 and 2 in
Appendix I show that the head in the Pearl Harbor system.is less
responsive in amount to comparable changes in rainfall and draft than
head in the Honolulu system. On the other hand, the records show thaf
much more severe head changes are experlenced in the Pearl Harbor

system than in Honolulu. (See Table below)

Honolulu System Pearl Harbor Syastenm

Mean Annual Head Range
Maximum Annusal Head Range

-¥Mean Annual Range of Monthly
Averags Draft 1.37 4.42
(Ratio high to low)
Maximum Annuel Range of

Monthly Draft 1.582 , 8,54
(Ratio hizh to low)

These marked head changes in the Pearl Harbor system are
readlly explained by the very much larger ratios between high and
low draft, the greater part of the draft being for agricultural
purposes and far more responsive In opposite sign to railnfall fluc

fluctuatlions.

«135~

ED_006532_00005186-00191



The compiled dats and the graphs show that the Pearl Harbor
eystem ylelds for useful application on the average about 5 times as
much water aes the Honolulu system. From the standpoint of securing
8 specific amount of additional water, this larger system 1s more
attractive, but in terms of a relative increase, such as 207 in the
two areas, the graphs suggest that this would require (under present
conditions; effeﬁt of & new station is not fully known) & continuous
head depression of 1.15 feet in the Honolulu, and 0.93 foot in the
Pearl Harbor areas, amounts which are neasrly proportional to the two
mean absoclute heads of 27.56 and 21.08 feet for the period 1925 to
1940. |

Examination of the watershed of the Pearl Harbor system 13 not
complete, and full analysis of probable rainfall intseke is not com-
pleted but the writer has estimated that the total rainfall of the
mountain portion of the Pearl Harbor asystem is at lesst 3 times that
of the Honoluln system. Since there 1s no basis for belleving that
the totel Fearl Harbor mountain rainfall can be as great as 5 times
that of the Honolulu ares, it appears that the artificial yleld from
the Pearl Harbor area 1s & much greater percentage of rainfsll then
in the Honolulu sres, desplte the apparent greater perfection of the
cap rock and higher heads of the latter area. The larger amount of
water of the Pearl Harbor area 1s concentrated in its seaward margin
s0 that 1t spparently passes through a coastal section of almost equal
1eﬁgth te thet of Honolulu. This greater concentration of flow would
undoubtedly lead to higher heads 1f the higher parts of the cap rock

were equally effective &s barriers. This, however, 1s not the case,
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and the various overflow springs, somewhat larger probably in early
days, spparently set a 1imit to the Pearl Harbor basasl head. With
such & condition, a slight general head reduction would probébly meke
avallable a large smount of ﬁater, and that 1s probably at least in
part the explanation for the larger emount of draft, relative to
rainfsll, which the FPearl Harbor asystem seems sble to furnish.

However, with the system as at present constituted, with the
bulk of the water still coming from arteslan wells, the draft is
galned only at the expense of an average chloride content of about
400 parts per'million, as compared to not over 60 for the Honolulu
area, a ratio of over 6 to 1.

Data on chloride content from the Navy Halawa Shaft (93),
Walasu Hawallan Electric Shaft (134), and Ewa Shaft (184), as the
three chief producing basal shafts in the erea, do not give confldence
that the discharge from the Pearl Harbor system would, even with
sealing of all wells be so low in chloride as that of the Honolulu
ares. The Ewa Shafﬁ is driven only 2.9 feet anbove sea level, and the
Walau Shaft 1s expanded by wells drilled below sea level, so that a
higher chlorlide content might be expected in either of these rather
than in the Navy Halawa Shaft. In shafts driven to basal water some
dlstance inland from the Koolau margin and with spread excavation
arranged for skimming, the chlorlide content of Pearl Harbor basal water
may run prevallingly scmewhet under 100, or less than twice that of

the Honolulu area {1).

(1) PFirst valld test on uncontaminated flowing basal water at the
new North Halawa Shaft on September 23, gave a chloride content
of 103 P.P.M,
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The recurrent problem, which comes successlively to different
independent agencles, as to where additional needed water supply can
be obtained without damage to exlisting supplles 1s one for which there
is no real solution, only en apparent solution. Development of addi-
tional bassl water, meaning water not now In use or subject to use,
in the Pearl Harbor or Honolulu area 1s probably no longer possible.
Construction of additional stations for the draft of elther the same
or mdditional smounts of water with the least interference with other
stations and with the most efficilent control of water quantitles and
qualities is practical end will be extensively done in the future.
The notion that water could be developed In hydraulically adjacent
aress, in each without effect on the other, has taken long to be
recognized as fiction.

Bacsuse of the constant fluectuatlions of rainfall and drafi,
the actual effect of a new draft is obscured and perhaps i1s regarded
s unimportant if water is abundant. When water becomes scarce, or
appears to be so because of operating conflicts, the situation may be
relieved by the development of water from hydraulilcally isolated
sources, When this is impractical, an Improved and coordinated
operation of the fundamental supply 1s the only permanent recourse,
Honolulu and the Peasrl Harbor area are in the process of proving this
latter proposition by the conatruction of three new basal stations,
Red Hill, North Halawa, and Alea. These three statlions will bs in =
position to draw more water more advantageously from the basal water
table between Kalihil Valley and Pearl City, but there is no reason to
believe that 1t will be water not already accessible to pumps at
Kalihi Underground Station, Well 146, Wells 187 A., B., C, and ¥avy
Halawa Shaft.
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The cost of the additional stations, without regard to ownership
or use of the water, will probably be amply repald by the generally
more flexible pumping conditions and larger reserve capaclty for emer-
gency use, by the greater capaclty of the stations for deforming the
basal water table in favor of a particular area as needed, and by the
very valusble understanding of basal water behavior which will result
from snalysis of records made during normal and special operation. Only
by such practical tests can a valld determination be made as to the
most economiecal and socially expedlent operating schedule., In the
writer's mind at present sre four chilef questions, as follows:

I. What Improvement of the Pearl Harbor system can ultimately be
accomplished by actual repair of laaks at the Pearl Hsrbor Springs?
This question can best be discussed after the western Pearl Harbor
area has been more fully studieg‘ The writer has in mind, not merely
reduction of leakage through réduction of head, by drawing water from
the springs or from the depression figure near them, but sctusl iso-
lation of the springs to sllow water sesling wp to the basal head, or
repalr in some other manner.

IT. What division of draft between Forth Halawa and Red Hill, or
between Area No. 6 and Area No. 4 i1s most advantageous? It has been
stated elsewhere that a considerable amount of water, poesidbly 10 to
20 N.G.D., may move laterally from the Moanalua district to the Hzlawa
district. If this is the case, and from this standpoint alone, it
should be advantageous to lower the Moanalua head by use of the Red Hill
station. On the other hand, if heavy draft 1s taken from the North
Halawa station sand the basal water table i1s lowered here in relation

to the area west of Alea, flow may be sufficlently modified so that
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additional water will be pulled toward this station from the central
Pearl Harbor area. This cchsideretion might make extrs draft from
the North Halawa station desirable, even i1f both the Red Hill and
North Halawa statlions were under the control of one agency.

ITI. What improvement will be wrought and to what extent will
additional lowering of basal heads in the four sreas of the Honolulu
system be justified, when (A) all municipal draft is from basal shafts,
(B) private draft from wells 1s negligible, (C) interconnection with
Red Hill and operation of the North Halawa Shaft offers additional
safety sgainst periods of rainfall deficiency?

IV. What are the facts of bottom storage and of the movement of the
diffusion zone and what bearing do these date have on the long-term

aspects of the three questlions formulated above?

RECOVMMENDED PROCEDURE

In the 1ight of findings in the Moanalus-Halawa area and the
problems posed In the Fearl Harbor area, the followlng operational
and investigstional procedures are recommended:

¥oanslina-Heglawa District

1. No condltlions were found which indicate that a profitable
development of high-level water can be accomplished in either the
Moanelus or Halawa districts.
2. Untll more data are avallable from practical operation and
observations of basal head, no further bassl stations or additional
basal or artesisn water development can be recommended beyond the

three stations now under construction, Red Fill, North Halawa and
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Alea. These stations, with Falihl and Navy Halaswa, make five bassal
shafts in s dlstance of 5.5 miles, at iIntervals respectlively as follows
Ealihi-Red Hill, 2.7 mile=; Red Hill-~North Halawa, 0.9 mile; North
Halawa-Navy Halawa, 1.3 miles; Navy Halawa-Alea, 0.6 mile. These
stations all told have capacity installed or planned of 100 ¥.G.D.,
which 1s of the order of 3 times the present yleld of this area. WNo
other area on Oshu is so favorably sltuated to determine by full-scale
hydraulic testing what increased yleld can be gained by lowered heads
and what the guantitative relationships between two major isoplestic
BTS8S8 ars. .

5. The largest gap in ﬁhe line of basal stations is that
between Kallhl and Red Hill; experilence in operating the several
stations now constructing will furnish the only valid answer to the
question of whether the economics of supply and distribution will
Justify a major basal station In Maneikl Valley, perhaps in the north-
west wall, about 0.7 mile iInland from the inland margin of ¥oanalua
Gardens.

4. TUnder the operating condltlons suzgested by the several
large~-capaclty statlions under construction, it i1s highly important
that continuous observations be made on the rainfall of the intake
area, on the basal head at definitive points across the district and
that continuous compilations be made of the draft, drawdown, and salt
data for gll the important producing units, The number of rainfall
records previously collected northwest of XKalihi is insufficient for
detalled studies; the addition recently of two stations in the mountain
section of North Fslaws and the commencement of rainfall measurements

at the Halltu Tunnel intske will greatly improve this condition.
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Conslderation is being glven by this division to the establishment of
an inlend station iIn the head of Moanalua Valley at about 1 mile from
the Koolau Range crest. |

Yeasurements of basal head have been made twice weekly at five
test holes for the past few weeks and at some of these for a longer
period. These measurements define rather sccurately the form of the
basal water table during a somewhat dry year, with known pumping
schedules at Kalih! Underground Station and at Navy Halawa Shaft and
various wells. To determine the changes In form wrought by draft
from eny or all the addlitionael stations, these measurements should be
continued, and the possibility that additionsl test holes will be
\needed should be kept in mind. In particular, as much data as possalble
should be collected on the static water level in the North Halawa Shaft
in advance of draft, so that its quiescent relation to the Havy Halawa
éhaft, the Alea "Austin” Fole, and to the Aiea Shaft shall be known.

Honolulu System in General

5. With the emergency modlfication of program which will
result in construction of the North Halawa Shaft and interconnection
with the Red Hill, Fort Shafter, and Pearl Harbor systems, emphasis
on Honolulu projects may be somewhat changed. In this writer's
opinion, the most urgent project 1s the extension of the Waialase Tunnel
a8 previously planned. This project, with Ko. 6 and Wo. 7, will
greatly strengthen the supply. for the eastern part of the Bonolulu
district.

6. Construction of the Palolo (Walomao) Recharge Tunnel,
concurrently with the lengthening of the Walalae Development Tunnel,

to increase the supply avelleble at Waislae Basal Station.
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7. It is increasingly evident that the entire Honolulu
low—ievel supply will eventually come from bassl underground statlons
rather than artesian wells. It 1s belleved that the station strate-
gically next most desirable for construction 1is that in the east wall
of Manoa Valley, corresponding to the Moi1l11l1l Arteslan Areas (Fo. 1).
This station would facilitate safe draft of the ¥oililll head to lower
levels, and would decrease the head difference between aress No. 1
and No. 5., Combined with the transmission tunnel under ¥auumse, and
with projects 5 and 6, this project would greatly improve the water
supply sltuation east of Diamond Head.

8. Install in one or more exlsting, non-used deep artesian
wells, probably in the Beretanis area, s small pipe mttachment for
frequent or continous, systematlc sampling of the artesian water for
chloride content, st least at one depth, but preferably at several
depths. The cormencement on 8 continulng basls of such a project of
recording the surmized movements of tﬁe diffusion zone ié belleved to
be the only direct approach to thelproblem of guantitles of stored
fresh water in the Ghyben-Herzberg lens. Measurements of this kind,
made by methods that avold drastic dlsturbance of the conditions it
1s desired to measure, would be of great value in gulding the control
of the arteslan aystem, equally whether the theory of bottom storage
is, or is not, correct. Z§uggested procedures were set forth in the

Kelihl (pp.103-104) snd Nuuanu {pp. 216=-223) reports.;7

Pearl Harbor System in General

9. General geologic and hydrologic studies of the remainder
of the Pearl Harbor area, comparable to the studies of the Honolulu

erea and Halawa, reported in this and esrllier menuscripts, should be
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carried through to completion. The past three of these reports have
been completed at intervals of less than one year each, Desplte the
fact that the area of the remaining Fearl Harbor district 1s large,
lack of special conditions in the Halaws district and increasing
general knowledge of the charscter of the Koclau Range will justify
a8 less exhaustive géclogic examination, and 1t is bellieved that the
remaining Pearl Harbor report can be completed late In 1943 or early
in 1944. 1Its completion will depend somewhat on the program adoptéd
in regard to preparing a report for publication on the Geoclogy and
Ground-Water Resources of the Honolulu Watershed,

10. Emphasis should bé given to the systematlic collection of
data on draft, chloride content, and hesds, In the Pearl Harbor area
as now cormmenced by Mr. Samson. The head records for ﬁells 1878, 190,
193, 201, 244, 266, puklished for each year by thé U. 8. Geclogical
Survey through the Washington office, and records of discharge

published occasionally for periods of years by the local office (1),

(1) Stearns, E. T., Bulletina 1 and 5, 1935, 1940.

are valuable as permanent records and for comparison with other national
trends but are neither prompt enough nor complete enough to serve the
practiecsl need‘for complete and immedlste study of large-scale trends.
11. Rainfall data are deficient for the inland aree of infil-
tration between Kalihl and Klpapa. Two new gages have been Installed
in the Halawas basin and are being read by this division on approxi-
mately a monthly basis. If practicable, one or two more gages will
be placed in the Waimano-Wailawa basin to furnish a better transition

to the area of more complete gaging back of Wehiaws.
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12. {(1)With the approach to completion of the three new basal

(1) Based on discussion with Walter Samson.

stations, one minicipsl, one military, and one agricultural, in the
eastern part of the Fwa district, and the prospect that consziderable
amounts of water will be pumped from these, with high rates of pumping
in some cases, no one acqualinted wilth the problems of water supply can
avold concern as tc what the effects of this puﬁping will be and what
limitations will be required to safeguard a common supply. It has
lonz been recognigzed that water supply in this ares 13 in no sense
confined within property lines, and 1t has been incressingly evident
that competitive development of water auppiy on the basls of lﬁnd
ownership must yield to & reglon-wide consideration of water supply
and water needs. Long strides in this direction have been mede by

the provisions for Interconnection between the Fort Shafter, Red Eill,
and Fearl Harbor military systems and the supply and distribution
systems of the Board of Water Supply.

Regardless of whether we have war or pesce, there will be
increasing need for systematlic, long-term studies and plans with
reference to the use of the only major water supply the Honolulu and
Pearl Harbor areas wlll ever have. The more promptly these studies
ere established on an adequate and continuing basis and the more
regularly they are made avallable to the three chief agencies involved,
the more effective can plans for future equitable operstion of the
system be made. It 1s belleved that neither the rminicipal authorities,

the plantstion officers, nor the Army or Navy, will sanctlon further
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large-scale development of water without the most comprehensive studies
of existing and prospective conditlons. It 1s bellieved that the time
is ripe for the establishment of machinery for msking such studies'
and the development of long-term plans for water use and distribution.
It i1s urged that the following steps be taken: (A) Seek legislative
sanction, as far as it may be needed, for expanding and continuing
hydraulic and hydrologlc studles by the Board of Water Supply in the
all=-arocund interest of water supply in the Pearl Harbor area.

{B) Arrange for the éstablishment, presumably by leglislstive action,
of a permanent council or committee to represent the chlef agencles,
municipel, territorial, asgricultural, and military for the purpose of
from time to time determining an equitable program of procedure in
the development aend operation of water supply units in the Pearl
Harbor ares.

13. In order that water supply possibillities in the Halawa
ares may be determined ss promptly as possible and that relief of
Honolulu stations be provided in connection with construction under
5; 6, and 7 {above), 1t is recommended that North Halawa station be

operated at a rate of § to 8 ¥.G.D., commencing on its completion.
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APFPNDIX I
Comparative Multiple Correlations of Head, Draft, and

Cormiletive Rainfell in the Tonolulu and Pearl Harbor
Arteslan Systems

Various mathematical approaches to ths problems of the Honolulu
and Pearl Harbor artesian systems are possible, and some have been
tried. It 1s apparent from the results of some attempts that our data,
especinlly on the position of the lower 1limit of the fresh water‘lans,
and on areas and porosities of the aquifers, are iInsufficient to
permit significant solutlions of more detailed equations. The present
correlation is an attempt to sufficiently simplify the assumptions
and the questions asked so that a few definite answers can be had.

Assumptions are as follows: (1) That each of the two systems
can be treated as & system whose head is an indicator of the ourrent
relationship between gain by infiltration and loss by draft. (2) If
there be galn or loss by fransfer from or to bottom storage, or if
ﬁhere be naturel leaskage, or unknown, unrecorded losses through
faulty wells, 1t is sssumed thet these are constants which will be
included in the constant of the equation. Insofar as they are not
constants, the deviations will be included in the errors, slong with
those of measurement. (3) That relstionships between infiltration and
rainfall are linear and that rainfell can be used as a measure of
infiltration. (4) That the reinfall effect 1s & cumuletive one,.with
the effect declining into the past as a logarithmic decrement,
therefore; the cumulated rainfall from the averssze normal rainfall

expectancy, each reduced by 4% compounded for each month since it
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occurred. The yearly value of Rc.m. used in the calculetions 1s the
average of the twelve monthly values for thast year. (5) That Head
can be represented py the average for certain wells. The egquation
follows.

Head = x + 7y (R,) + z(Draft)

The period talken was from 1925 to 1940, since data are very scanty
before 1925{ and even from 1925 to 1828, a considerable number of
interpolations and substitutions of index wells were required. 1In
the Honolulu system, the solution was based on the years 1926-1940,
each Incluslve.

After complling the data, computing the averages of rainfsll

stations for each area (1), the percentage relationships of the

(1) Stations used for the Honolulu system were Kalihi Valley (430'),
Kapalama (520'), Lower Luskaha (894'), Nuuanu Reservoir No. 5
(413'), Tantalus (1360'), Manoca (300'), with an actual average
for the perlod 1925-1840 of 92.12 inches.

Stations used for the Pearl Harbor system were Alea (500'),
Waimalu (500'), Waipahu (60'), Walkane (800'), Walswa (725'),
Waianae-Uka (2310'), Koolau Dam (1150'), Wahiawa Water Company
Intake (1200'), Schofleld Barracks {(892'), Upper Hoaeae (705'),
with an average for the perlod 1925-1940 of 104.07 inches.

These atatlons are not ideally located for the purpose but are
the best avallable for the whole perliod. Since the whole calcu-
lation 18 carried out in terms of deviastion from the average,
these stations should not be regarded as giving an average raln-
fall for the area, or ss glving a totel gquantity having mbsolute
validity. This method seemed llkely to glve more useful compa-
rabllity between the two areas and to be better adapted to
transfer to other serles of index stations should these become
available.

"average for each month to the normal, and computing the cumulative

rainfall for each month, the followlng tables.
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HONOLULU SYSTEM

Areas 1, 2, 3, 4

Mean Head Cumulated Reinfall ¥ean Total Lraft

Year {Feet) ¥ean for Year (1) (¥.G.D.)

" ) RC D
1925 23.9 - 0.79
1926 23,0 - 3,90 38.4
1927 24,3 - 1,27 36.8
1928 27.7 + 0.89 34.4
1929 26.2 - 1,353 ’ 33.4
1930 27.8 | - 0,52 ’ 31.2
1931 27 .4 - 0,79 32.1
1932 29.4 + 2,04 . 29,6
1933 28.8 + 0.55 . 28;7
1834 26,6 ‘ - 1.92 28.6
1835 27 .4 -~ 0.88 20.5
1936 26.5 - 1,78 30.8
1937 29.6 + 1.38 29.7
1838 30.3 + 1.62 31l.1
1939 20.6 -+ 2.01 50.3
1940  £8.8 - 0.06 . 32.8
Average 27 .56 31.83
1826-1940
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PEARL HARBOF SYSTEM

Area "6"

¥ean Head Cumuleted Rainfall Mean Total Draft

- Year (Feet) ¥Yean for Vear (1) (¥.c.D.)
H . R4 D
1928 20.2 - Q.82 178.2
1926 18.8 - 3.92 183.7
1927 20,2 - 1.34 . 144,9
1828 22.3 + 1.02 174.%
1929 20,5 - 1,06 177.5
1930 22.0 - 0.39 147 .4
1831 20.4 - 2.08 183,.4
1932 22.4 ~ —0.68 | 158.8
1933 | 21.4 - 0,70 : 176.9
1934 20.1 o= 2,34 ] 174.%
1935 20.5 : ~ 1.61 168.4
1936 20.0 - 1.84 166,3
1937 23.4 + 1,31 165.6
1938 25.1 + 2.61 182.8
1939 21.7 + 1.93 190.2
1940 20.3 - 0,29 210.9
Average 21.08 174.0
1925-1940
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Normal equations were set up in the usual form of
I. JH xN + YR + Z)D
II. xR, + YL(Re)% + zIR,D
III. JHD = xID + YIRCD + zyD?

The wvalues deri?ed from expanding the foregoing tables were then

&

subatituted in the normal egquations, and the followling solutlions were
derived:

For the Honolulu System:

Head = 33.30 + 0.897R, = 0,173 Draft
(P.E. = 0.41)
For thé Pearl Harbor System:
Head = 25.75 4+ 0.673R, — 0.0244 Draft
(P.E. = 0.36)
In order better to visualilze ﬁhe significance of these equations,
each has been shown in graphic form. (Figures 1 and 2)

In the graphs of Filgures 1 snd 2, the scales have been =0
arranged that they and resvliting slopes of head lines are comparsble,
despite-the difference in size of the systems and the dlsparity in
absolute values of draft. By meking the scale ratio 5 to 1, the range
of draft varlations In the past 15 years comes within almost identilcal
graphic limits for the two systems, greatly facilitating visusl com-
parison., Thus the draft scale for each of the two systems l1s essenti-
ally one of varistion about 1ts own mean. This is exactly what appears
in the scale of cumulated rainfall, so that the two gfaphs are
comparable in this respect also,.

Interpretation of the meaning of the two equations requires

some caution, that they are not teken to mesn too much; but equally
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that they are not dismissed as meaning too 1lilttle, because of the
numerous qualifying sssumptions. The first elementary deductlion from

the graphs is shown in the following table:

Honolulu System Pearl Harbor System

Cuimmulated Rainfall

in Normal Monthly 1.118 1.486
Units equivalent to

Cne Foot of Head

Draft equivalent to
One Foot of Head 5,78 8,20
(Scale Unita)

Draft equivalent to
One Foot of Head 5,78 41.0
(MQGQD.) "

Since the heads In the two areas are of asimilar order and the other
scales sre relatlve rather than absolute, one would expect to find

the relationship of rainfell to head the same in similér systems, and
the scsle relationship of draft to head to be the same and the absolute
guantities In the ratlo 1 to 6. This is not the case, and there appear
to be some real differences other than size between the two systems.
The difference 13 described by stating that head in the FPearl Harbor
system 1s leas responsive to rainfell changes In the ratic 0.75 and

to comparsble draft changeszs in the ratio 0.705 than is hesd in the
Honolulu system. Thls 1s consistent with the observation that has

been made elsewhere that the equilibrium of the Pearl Harbor system

geems more llke that of a8 stream, rather than of a lgke.
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The fact that the slopes of the head lines in the two graphs
are nearly identicel or, what 1s egnivalent, that the two ratlos just
given‘are nearly identicel, iIndlcates that the rstio between rasinfall
and draft is practically the same in the two systems. This 1s of
course based on the asaumptlion of a 5 to 1 ratio between the two. On

he other hand, i1f we use the graph to determine the absoclute amount
of draft equivalent to & malntalned one-month excess of cumulative
rainfall in the two systems, we get 5.184 ¥.G.D. for the Honolulu
area and 27.59 M.G.D. for the Pearl Harbor system, which glves a
ratio of draft capacity bétween the two areas under comparsble
rainfall conditions of 5,32.

In the following table i1s given the presumptive value of a
year of rainfall 50% in excess of normal for the two basins. It
should be understood that these are based on the assumptions stated
above»and refer to exiszting operating conditions. We have no valid
basis for celculating the effects of changes, such as transfer of
draft wholly from wells to basal shafts, though if such change were
accompanied by sealing of wells, there can be 1little doubt that it
would be beneficial.
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AYPROXINATE PRESUVPTIVE BENEFITS IN QUANTITIFS OF WATER (2)

Honolulu System Pearl Harbor System

A year of rainfall, uni-
formly 50 in excess of
normal. Then return to
normal. (This is spprox-
imately the maximum devi-
ation of the past fifteen
years)

During the year,
average (¥.G.D.) 14.0 ' 74,5

At the end of the '
vear (M.0.D.) 24.1 188.,3

One vear later (1)
(M.G,D.) ‘ 14.8 78,6

Five years later (1) i
(1.3.D.) 2.0 10,6

(1) The reader will understand that in actual behavior these
declining effects are always masked by the current excesses or
deflclencies and are not apparent. ©On the other hand, it is
helpful to realize that actual conditions at any glven time
do represent a summation of an Infinite number of terms of
approximately the character here postulsted,

(2) There is nothing in the material set forth in this appendix
which on its face either affirms or denles the condition of
bottom storage which has been discussed elsewhere. Whether
the effect of bottom storagze is large, small, or zero, it is
included 1n the simplified form of the equations derived.

The assumption of one year of rainfall 50F in excess of normal

12 found to build a cumulated excessz of 4.65 months of rainfell,

which 1s meterially greater than the maximm excesses built by either

the Eonclulu rsinfall (2.13 in June, 1939) or the Pearl Harbor
rainfall (3.20 in ¥ay, 1938) between 1925 anc 1940. It is ebout the

seme as the deflciencies reached during thet period, (Honolulu, —4,39,

Xovember, 1926) (Pearl Harbor, —4.74, November, 192¢). Ve have no
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direct evidence that on this schame of computation, totel cumulated
excesses can exceed 3 months of rainfall, nor deficiences exceed 5
months of rainfell, but probability theory and calculafions would
furnish 8 gulide as to what extremes might occur during longer perlods.,

There are various ways In which the equations, and the two
graphs can be used to obtain flgures which have an estimastable degree
of validity. Given two of the three values, head, cumulated rainfall
and draft, we can get a figure for the third. For example, under
rainfall conditions and head stipulatlons as shown, the safe draft for
the combined areas 1, 2, 3, and 4, 1s as follows:

TARLE OF SAFE DRAPTS

¥Mean Head Mean Head ¥Wean Head

Cumilated Raeinfsall held at held at held at
Condition 30 feet 27 feet 24 feet
o-lonth Excess 29.5 (1) (1)
1-Month Excess 24,3 41.6 (1)
Normal (2) 36.4 (1)
l-Month Deficlency {2) 3l.2 (1)
2-Yonth Daficlency (2) 26.0 43.4

(1) These estimated values are greater, but they come outside the
range on which the equation is based and the data probably do
not justify this degree of extrapolatlon.

(2) These values are smaller, but likewlse cannot Justificably be
read from the graph.

There are many more refinements to be brought into these

calculations but the central figure of 36.4 ¥.G.D. as the draft
avallable at normal rainfall with the mean head held at 27 feet (1)

(1) This is equivalent to approximate heads as follows, ¥oiliili 26.6,
Beretanla 28.6, Kalihi 27.65, and ¥osnalus 25.15, and is about
0.56 feet lower than average for 1925-1940.
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1s probably wvalid to within about plus or minus 2.3 ¥.G.D,

Preliminary experiments in expanding these calculations to
give separate results for the several areas of the Honolulu system
and to eventually yield valid figures on storage capacity, latersal
leskage, and the various other data sought In the mechanlical testing
progrsm offer substantial encouragement that practical results of
great value can be obtained. Tssentlal difference in procedure from
that earlier followed lies in (1) tentative use of the cumulated
rainfall index, (2) tranafer of emphasls from use of periods of sup-
- posed constant or fixed condltions to the use of longer term averages
of recognized variable conditions, and (3) use of the statistical
procedure for incorporatlion of larger volumes of data rather than of
alzebralc methods for solution of equations based on limited ngmber
of fixed measurements, (4) exploration of the problem by short steps
rather than attempt st complgx'éimultaneous equations,

Since the foregoing text was written, about ten oﬁher forms of
the rainfall function have been ;;;gé, sclving the equation in another
form

Draft = x + y(Rg) + z(Head)
In this series, the approximate minimum probable error of 1.16 ¥.G.D.
has been established, and 1s approached by severzl of the Rainfall
functions.

It sppears that this residual error is due to another factor

not yet Introduced into the equétion. Progressive details of-this

study will be presented later.
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